mTevelopment of newer methodologies and their applications 

IN THE SYNTHESISIf USEFUL CHIRAL INTERMEDIATES AND STUDIES 
TOWARDS THE SYNTHESIS OF ZOAPATANOL VIA RADICAL 

CYCLISATION APPROACH 


A Thesis Submitted 
in Partial Fulfilment of the Requirements 
for the Degree of 

DOCTOR OF PHILOSOPHY 


by 

INDRANl BHATTACHARYA 


to the 

DEPARTMENT OF CHEMISTRY 

INDIAN INSTITUTE OF TECHNOLOGY KANPUR 

JUNE, 1994 



Dedicated 

To 

The World of Science 



- 5 1996 

.tfMTRAL LiBRARir 

I i. T., KAIXPUR 

te jr«. A. . XtiM25 






CONTENTS 


Paffe 


STATEMENT i-v 
CERTIFICATE I v 
CERTIFICATE II 

ABSTRACT vii 
ACKNOWLEDGEMENTS x 


CHAPTER 

I 

SYNTHESIS OF ACHIRAL AND CHIRAL VINYL 
EPOXIDES FROM GLYCIDIC ESTERS VIA 
« -hydroxy- ft. T' -UNSATURATED ESTERS 

1 

CHAPTER 

II 

SYNTHESIS AND REACTIONS OF SOME USEFUL 
SULFUR CONTAINING BYNTHONS 

125 

CHAPTER 

III 

RADICAL CYCLISATION APPROACH TOWARDS 

THE SYNTHESIS OF ZOAPATANOL 

188 


iii 



STATEMENT 


I hereby declare that the matter embodied in this thesis is 
the result of investigations carried out by me in the Department 
of Chemistry, Indian Institute of Technology, Kanpur, India under 
the supervision of Prof, Y.D. Vankar. 

In keeping with the general practice of reporting scientific 
observations, due acknowledgement has been made wherever the 
work described is based on the findings of other investigators. 


Kanpur 
June, 1994. 




INDRANI BHATTACHARYA 


iv 



DEPARTMENT OF CHEMISTRY 
INDIAN INSTITOTS OF TECHNO] 
KANPOR. INDIA 


CERTIFICATE 



This is to certify that Ms. Indrani Bhattacharya has 
satisfactorily completed all the courses required for the Ph.D. 


degree programme. These courses include: 


CHM 

CHM 

CHM 

CHM 

CHM 

CHM 

CHM 

CHM 

CHM 


G02 Advanced Organic Chemistry 
605 Principles of Organic Chemistry 

624 Modern Physical Methods in Chemistry 

625 Principles of Physical Chemistry 
645 Principles of Inorganic Chemistry 
681 Basic Biological Chemistry 

800 General Seminar 

801 Graduate Seminar 
900 FG Research 


Ms. Indrani Bhattacharya successfully completed her Ph.D. 
qualifying examination in March 1990 after she successfully 
completed the written and oral qualifying examinations. 


1 ^. 

{ P.K. Ghosh ) 

Head 

Department of Chemistry 
I . I . T . Kanpur 



( S . Sarkar ) 
Convener 

Departmental Post-Graduate 
Committee 

Department of Chemistry 
I . I . T . Kanpur 


v 



CERTIFICATE - II 


It is certified that the work contained in the thesis 
entitled "DEVELOPMENT OF NEWER METHODOLOGIES AND THEIR 
APPLICATIONS IN THE SYNTHESIS OF USEFUL CHIRAL INTERMEDIATES AND 
STUDIES TOWARDS THE SYNTHESIS OF ZOAPATANOL VIA RADICAL 
CYCLISATION APPROACH" has been carried out by Ms. Indrani 
Bhattacharya under my supervision and the same has not been 
submitted elsewhere for a degree. 



Professor 

Department of Chenustry 
I.I.T. Kanpur 

Kanpur 
June, 1994. 


vi 



ABSTRACT 


The thesis is divided into three chapters as outlined below: 

CHAPTER I : SYNTHESIS OF ACHIRAL AND CHIRAL VINYL EPOXIDES FRCW 
GLYCIDIC ESTERS VIA oc - HYDROXY - p . Y -DNSATDRATED ESTERS 

Glycidic esters, upon isomerisation with BFg . EtgO^ yield 
- hydroxy - ^ ^ ~ unsaturated esters . These are then 

reduced with LiAlH^ to vicinal diols which are converted to vinyl 
epoxides in two steps. Studies related to the synthesis of 
chiral vinyl epoxides are also made via two different approaches. 
In an effort to synthesise optically active vinyl epoxide via 
asymmetric induction approach glycidic esters, in which the ester 
moiety is derived from {-) menthol, are used. Sequence of 
reactions remains the same as followed in the case of achiral 
vinyl epoxides. In another approach chiral -hydroxy- >8 > K “ 
unsaturated esters are procured through enzymatic resolution 
which are crucial intermediates for the synthesis of chiral vinyl 
epoxides. One such transformation has been carried out from 
cyclohexane system. 

CHAPTER II: BYNTHEBI6 AND REACTICWB OF BOHE DBEFDL SULFUR 

CCHITAININQ BYNTHONS. 

Two sets of allylic acetates derived from cyclopentane and 
cyclohexane systems containing vinyl sulfide and allyl sulfide 
units have been subjected to FLAP hydrolysis to obtain eight 
optically active compounds. Vinyl sulfide containing compounds 
have been found to give better optical yields. 

vxi 



An interesting synthon containing a quaternary carbon atom 
has been found to form as a side product. In addition to this 
2-phenylthiocyclopent-2-enone, one of the precursors for the 
above study, has been converted into some useful intermediates 
which could be converted into prostaglandins and other 
cyclopentane natural products. 

CHAPTER III: RADICAL CYCLIBATKW APPROACH TOWARDS THE SYNTHESIS 
OF ZOAPATANOL. 

This chapter deals with a model study towards the synthesis 
of zoapatanol (1). The oxepane ring was constructed by radical 
induced C-C bond formation. Benzaldehyde was converted to 
compound 40 which was further 0-allylated to obtain 41. This was 
an important intermediate which was used to reach the goal , Two 
methodologies were adopted to get oxepeme system. In the first 
approach oxymercurials 42A and 4ZB, were converted to the oxepane 
systems 43 and 45, albeit in very low yields (~ 8%). Two other 
products were also obtained along with the desired one in each 
case. These are the reduced products 44 and 46, and the 
eliminated product 41. However, in both the cases the major 
product was the eliminated product 41. Ligand exchange reaction 
was also attempted with 42A to obtain 42C which was reacted with 
NaBH^. It was expected to find a change in product distribution, 
however, no significant change was observed. 

In the second approach halohydrins (47, 48) were synthesised 
from 0-allylated product 41. The methodology applied here to 
effect the cyclisation was the TBTH/AIBN induced radical 
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cyclisation of these lialohydlns. The crude product from both the 
reactions were acetylat^d and the two acetoxy compounds (43 and 
44) were isolated. The major product among^ the two in both the 
cases was 44. Further. the halohydrins were converted to 
haloacetates (49 and BO) and their radical cyclisations with 
TBTH/AIBN were also studied. in this case the yield of cyclised 
product was slightly better than the previous cases. 
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CHAPTER I 


SYNTHESIS OF ACHIRAL AND CHIRAL VINYL 
EPOXIDES FROM GLYCIDIC ESTERS VIA 
a -HYDROXY- P, y - UNSATURATED ESTERS 



IKTRODOCTIOII 


I.l. Reactions of Vinjrl Epoxides 

Vinyl epoxides are useful intermediates in organic 
synthesis. They contain four adjacent functionalised carbons 
which are potentially capable of undergoing reactions with 
different reagents. The presence of two functional groups in 
such close proximity confers interesting and useful chemistry on 
these compounds. 

The most extensively studied reaction of these compounds is 

1-5 

nucleophilic addition . In principle, reaction of the 
monoepoxide of a 1,3 diene can lead to different products. 
Addition of a nucleophile to the least hindered carbon of 1 

affords the 1,2 adduct 2 (path a) (Fig. 1). 




Figure 1 


Alternabively, nucleophilic attack at the end of epoxide which is 
adjacent to the carbon carbon double bond, that is the epoxide 
carbon best able to stabilize an intermediate positive charge by 


2 



conjugation, affords 3 (pathb). Finally, addition of the 

nucleophile to the double bond in an Sjj2 type reaction affords 

the 1,4 addition product 4 (path c) [Fig. 1]. Early work on this 

reaction demonstrates that there is often a balance between the 

product 2 and the product 3. Reagents with more steric bulk tend 

to attack by path ’a’ but under acidic reaction conditions attack 

by path ’b’ usually becomes the favoured reaction and many 

6 

nucleophiles give mixtures of 2 , 3, and 4 . Some examples of 
these reactions are described in the following pages. 


c> 
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Treatment of 1 , 3-cyclohexa<iiene monoepoxide 6 (Fifi. 2) with 
allyl alcohol in the presence of alumina affords only 6 the 1,2 
adduct. This contrasts with the opening of 5 (Fig. 2} under 
homogeneous conditions in which both 1,2 and 1,4 adducts are 
observed. 

The reaction of 1,3 diene monoepoxides with various sulfur 
nucleophiles has recently been examined"^"^^ . Butadiene monooxide 
in the presence of zinc iodide reacts with trimethylsilyl phenyl 
sulfide to give the 1,2 adduct 8®. A complete reversal in 
regiochemistry is observed with this reagent in the presence of 
n-butyl lithium and compound 10 (Fig. 2) is formed. 

The reaction of isoprene oxide 11 (Fig. 3) with either 
thiophenol and triethylamine or with diethyl aluminum benzene- 
thiolate is reported to give 1,4 adduct to afford 12 (E or Z) but 
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the stereochemistry of the resulting double bond depends on the 

9 

particular reaction condition chosen . 

Corey et al.^^ have developed reaction conditions to afford 
1,2 or 1,6 addition of sulphur nucleophiles to monoepoxides 13 
and 15 (Fig. 4). Reaction of 13 in a minimum of methanol with a 
variety of sulphydryl compounds and triethylamine results 14 the 
1,2 adduct. The epoxy ester 15 with RSH-EtgN-CHgOH exclusively 
gives the 1,2 adduct 16 whereas the reaction with RSH-LiClO^- 
CHgOH yields 17, the 1,6 adduct. This methodology is used in 
leukotriene 18 synthesis. 

Vinyl epoxides undergo reduction reactions with metal 
hydrides and certain metal halides. A vinyl substituted ^ - 
hydroxy carbanion synthon^^ is produced by reduction of 1,3 diene 
monoepoxide 11 (Fig. 5) with CrClg in the presence of Lil which 
reacts with aldehydes to afford 20 (R,R) adduct 
stereoselectively . 

Functionalized vinyl epoxides have been found to undergo 

12 

facile reductive ring opening with samarium diiodide in THF in 
the presence of a proton source to provide (E) allylic alcohols 
23 (Fig. 5). 

13 

Reduction of vinyl epoxides with metal hydrides shows 
different selectivity towards different reducing agents. The 
vinyl epoxide 24 (Fig. 5) with DIBAH (diisobutyl aluminum 
hydride) affords 25 (Fig, 5), the 1,4 adduct. But with AlH^ it 
gives the carbinol 26 from which the pheromone sitophilure 27 
(Fig. 5) can be obtained. 


6 






(a) R=H 

(b) R::SiBu Me2 



0 OH 


Sitophilure 

27 
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In literature, it is mentioned that vinyl epoxides undergo 

intramolecular nucleophilic additions. Stork^^ et al. have 

developed a method where intramolecular opening of a trans 

disubstituted epoxide by a carbanion leads to a cyclohexane ring 

29 (Fig. 6) rather than a cyclopentane ring. 

Formation of substituted oxepanes 31 ^lnd 32 via 

intramolecular opening of vinyl epoxides by ’oxygen’ nucleophiles 

15 

has been reported by Nicolaou et al . . Interestingly the 

reaction takes place by activation of 7-endo over 6-exo hydroxy 
epoxide opening (Fig. 6). 




0.12«quiv CSA 
CH 2 CI 2 ) “AO C 



31 


Figure 6 


Reactions of cyclic as well as acyclic 1,3 diene 
monoepoxides with a variety of organometallic reagents have been 


8 



reported in the literature. Attempts have been made to get 

selectively 1,2 or 1,4 adduct in various ways. Cuprate 
IG 17 

reagents ’ favour the formation of 1,4-addition products to 
afford 35 (with the ’E’-isomer predominating) (Fig. 7). 



Figure 7 




Synthesis of unsymroetrical 2,5 alkadienol 37 (Fig. 7) has 

been accomplished by the reaction of olefinic organocopper 

18 

reagents with isoprene epoxide . This dienol is a useful 

synthon for the preparation of some pheromones. 

Direct 1 , 2 addition at the secondary end of the epoxide to 

afford 34 (Fig. 7) is usually favored by the use of 

16 17 26 

organomagnesium reagents 





dialkylcuprate synthetically impractical. Both 1,2 and 1,4 

20 

adducts (42 and 43 : Fig. 8) are obtained with complete trans 

stereospecificity in this case. On the other hand with mixed 
23 24 

cyanocuprate ’ reagents stereo (100% trans) and regiospecif ic 

(1,4 adduct > 95%) addition to the cyclohexene epoxide is 

observed (44 Fig. 8). This methodology is extended to a chiral 

25 

alkylidene oxirane of known configuration and two asymmetric 

centres were generated in a 1,4 relationship (46 Fig. 8). 

27 

Naruta and coworkers have developed a method where both 
cyclic and acyclic vinyl epoxides successfully gave 1,2 adduct, 
(51, 62, 53 in Fig. 9). For this purpose allyl stannanes 



11 



have been used in the presence of a Lewis acid. This method is 

used in the synthesis of a polyprenyl alcohol. 

There are some examples where vinyl epoxides react with 

nucleophiles to give 1,4 or 1,2 adduct in presence of Pd (0), as 

a catalyst. Three examples are shown in Fig. 10. 

28 

Tsuda used ketoacids as nucleophile (67: Fig. 10) and 

29 

1,4 adduct 68 is obtained. Trost has used alcohols as 

nucleophilic partners. He used stannyl ether 60 for the -allyl 

intermediate and 1,2 adduct 61 is obtained. Recent interest in 

amino sugars has drawn attention to the process of 

hydroxyamination. The ready availability of epoxides in 

enantiomerically pure form from olefins makes such intermediates 

particularly useful in achieving a net hydroxyamination of 
^0 31 

olefins. Trost ' and coworkers have used aryl isocyanate for 

the trapping of the initial zwitterion from vinyl epoxide in 

presence of Pd (0) to get thermodynamically more stable 2- 

oxazolidones 62 (Fig. 10). These oxazolidones finally give the 

aminoalcohol derivatives of defined stereochemistry and this has 

led to the synthesis of (-) acosamine 64 (Fig. 10). 

32 

Recently Oshima et al. have studied Et^B induced radical 

reaction of vinyl epoxide 1 . Intramolecular radical 

cyclisations have also been realised by them to obtain carbocyclic 

33 

compounds 68 and 69 (Fig. 11). Likewise Feldman et al. have 
synthesised polysubstituted tetrahydrofuran 72 via free radical 
mediated (3 atoms + 2 atoms) addition of functionalized alkenes 
to aryl vinyl epoxide 70 (Fig. 11) in the presence of diphenyl 
disulfide. 


12 






Fiqurc 11 



Rearrangement of vinyl epoxides to obtain dihydrofuran 

34 

system 73b (Fig. 12) has been reported by Hudlicky et al. 

Most recently in the synthesis of a /9 -lactone esterase 

qc 

inhibitor i.e. valilactone , the key reaction involved the 
conversion of a chiral vinyl epoxide to 7 r-allyl -tricarbonyl iron 
complex and its selective oxidation to ^-lactones 76 with good 
stereochemical control (Fig. 12) . 



VcOzEt 
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1.2 Synthesis of Vinyl Epoxides 


Importance of vinyl epoxides as useful intermediates in 
organic synthesis has been discussed above. Literature survey 
reveals that there are a number of approaches towards the 
synthesis of vinyl epoxides. Various approaches of these 
syntheses could be divided into three categories. These ore 
delineated in Fig. 13. 



RCOOOH 
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(■ 
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Wittig ^ 
Reaction 

Figure 13 




Equation (i) deals with one of the most obvious reactions 

viz. monoepoxidation of 1,3 dienes. An example of this type is 

36 

the epoxidation of cyclopentadiene with peracetic acid in the 

presence of NagCOg giving 3,4 epoxy cyclopentene 79 (Fig. 14) in 

75% yield. Addition of NagCOg apparently is required to 

neutralise acetic acid formed in the reaction. The epoxide, 

otherwise, reacts with acetic acid. This method has been quite 

useful in the synthesis of other vinyl epoxides'" . In addition 

to peracetic acid other peracids such as perbenzoic acid and 

38 

perphthalic acid have also been employed for the synthesis of 
vinyl epoxides. 
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Vinyl epoxides from 1,3 dienes having an electron with- 
drawing group on one of the double bonds have also been 
synthesised. Depending on the method of epoxidation either of 
the double bond is epoxidised. Thus e.g. 2- (phenylsulphonyl )- 
1,3 cyclohexadiene 80 upon reaction with m-chloroperbenzoic acid 
selectively epoxidises the 3,4 double bond to form 3,4 epoxy-2- 

(phenylsulphonyl)-l-cyclohexene 81. On the other hand with 

39 

HgOg/NaOH the other double bond is epoxidised to give 82 (Fig. 

14). Likewise synthesis of 3,4-epoxy- 3 nitro-1- alkenes has 

40 

also been reported in the literature 

The second approach as shown in eqn (ii) fig, 13 involves 

34 41-43 

treatment of vicinal halohydrin ' with a base. In place 

13 44 

of halogen many other leaving groups such as -OTs ’ and 
45 

-OMs have also been utilised. A few examples are shown in Fig. 
15 and fig. 16. 
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Figure 16 
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An interesting extension of such an approach has been in the 
synthesis of certain vinyl epoxides, involving an allylic 
rearrangement^ as shown in fig. 17. 

In addition to the above mentioned leaving groups there are 
other groups derived from divalent sulphur^^ ’ ^ 

tellurium^® and selenium^^ and trivalent arsenic^^ compounds 
which act as excellent leaving groups in the form of the 
corresponding onium salts. A few representative examples of each 
of them are shown in Fig. 17. 

In this category of reactions yet another interesting 
example is reported in the literature^^ which involves a series 
of reactions starting from propargyl bromide. This is shown in 
Fig. 18. 
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The third approach as shovm in eqn. (iii) Fig. 13 is 

dependent on the Wittig reaction with the epoxycarbonyl 
10 12 14 24 

compounds ' ' which in turn are derived from the 

corresponding ^ -unsaturated carbonyl compounds which are 

obtained from oxidation of allylic alcohols. One such example 
is shown in Fig. 19. 



22 



1.3 Besults and Diacusslon 


In the introduction part of this chapter importance of vinyl 

epoxides as useful intermediates has been described. Vinyl 

epoxides, which contain two functional groups via., >C = C< and 

.0 

^ , offer three sites for the reaction and various 

approaches for regioselective reactions on any one of these sites 

52 

have been well studied in the literature . Depending on the 
need of structural requirements various approaches towards their 
synthesis have been developed. 

From our group, regioselective transformation of glycidic 

esters into - hydroxy- yS , T -unsaturated esters using BF^.OEtg 

53 

(or ClSiMe^) has been reported . Ready accessibility of these 
geminal hydroxy esters suggested a possibility of converting them 
into vinyl epoxides via the approach as mentioned in eqn. (ii) 
(Fig, 13). Literature survey revealed that such types of vinyl 
epoxides have not been reported so far. Our approach towards the 
conversion of *<- hydroxy- ys, Y -unsaturated esters involved 
their reduction with LiAlH^ to the corresponding vicinal diols. 
Treatment of these diols with p-toluenesulphonyl chloride in 
presence of pyridine gives the corresponding tosylates derived 
from the terminal hydroxy groups. These tosylates were used for 
the next step without purification. They were treated with 
sodium hydride to form the epoxide ring. This sequence of 
reactions is shown in Fig. 20. Various glycidic esters 

chosen for this study are shown in table I along with the hydroxy 
esters, the diols and the corresponding epoxides. 



Conversion of glycidic ester 



-COOC2H5 










OH 



The glycidic esters 118 (a-e) were synthesised according to 
54 

the literature procedure. Surprisingly the glycidic esters 

from 4 -methyl cyclohexanone and 4-phenylcyclohexanone are not 

known in the literature and they were prepared by following the 

54 

same standard literature procedure. The diols obtained upon 
reduction of the hydroxy-esters were characterised as the 
corresponding diacetates. Spectroscopic details of all of these 
hydroxy esters, the diols and the corresponding diacetates are 
given in the experimental part. The vinyl epoxides in each case 
displayed a characteristic triplet around 3.0-3.38 with a 
coupling constant of 3-4 Hz for the vinylic methine located at 
the epoxy carbon. Further spectroscopic details for vinyl 
epoxides are mentioned in the experimental part. 


I 
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Flcare 1.2: NMR apeotrxm (60 MHz) of 122b 
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6 (ppm) 


Figure NMR spectrum (60 MHz) of 122d 


Since many of the biologically and medicinally important 
compounds show their activities in only one of the optical 
antipodes it is necessary that different methods should be 
developed to synthesise a variety of intermediates in optically 
pure form. It was, therefore, felt that if these vinyl epoxides 
of type 127 are obtained in optically pure form it would be an 
interesting and useful study. From the above described results 
it is evident that vinyl epoxides possessing structures of type 
127 could be easily procured from the corresponding glycidic 
esters albeit in racemic forms. 

Literature survey shows that syntheses of chiral vinyl 
epoxides are based on three methodologies. These are (i) 
starting from a chiral compound, (ii) using a chiral catalyst 
and (iii) via resolution of (+) racemic compounds. 

One example is given in the following discussion based on 
method (i) i.e. chiron approach. 

Corey et al^^ have synthesised the chiral vinyl epoxide 130 
from 2, 3, 5-tribenzoyl derivative of D-(-) ribose, which leads 
to the chiral epoxy aldehyde 129 in seven steps. 

The chiral epoxy aldehyde finally gave the chiral vinyl 
epoxide 130 (Fig, 21) which is used in the biosynthesis of 
leukotriene C-1 , 

The second methodology involves the use of chiral catalyst. 
In this method prochiral starting material undergoes 
enantioselective reaction with the help of chiral catalyst and 
enantiomerically pure chiral compound is obtained. 



OCOCgHs 



XXX 




Combined with the Sharpless epoxidation^^ reaction, Swern 
oxidation*" and Wittig or Horner-Emmons chemistry^^' , would 


allow ready access to chiral. 


nonracemic 


vinyl 


j- 10, 12, 14, 30, 60 T 4.V r<T. -1 j . 

epoxide , In the Sharpless asymmetric epoxidation 

process prochiral alcohols have been epoxidised with TBHP- 

Ti(0Pr and either {+) or {-) dialkyl tartarate to furnish 

enantiomerically pure epoxy alcohols (Fig. 22). 

Asymmetric induction is also possible using chiral tin { II) 

alkoxide. Auge and Bourleaux^^ prepared and isolated tin(II) 
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diethyl tartarate which was used as a chiral catalyst to prepare 
optically active vinyl epoxide 139 {Fig. 23), 



COOC 2 H 5 

138 


1 . CICH— CHCH 2 I , PhCHOyDMF 
2 . CH 30 Na /CH 3 OH 

Figure 2 3 



139 CH2 
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Bates et al. have synthesised chiral vinyl epoxide using a 
cyclic sulphate (141) as a chiral catalyst. This catalyst 
enantioselectively introduces a chiral centre in the trimethyl- 
si lyl acetylene (140) which after a series of reactions gives 
the chiral epoxide 144 (Fig, 24). 
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Figure 2 4 




The third method involves the resolution of racemic 
precursors to get chiral vinyl epoxides. Efficient methods are 
available for the resolution of racemic alcohols to obtain 
chiral alcohol with high optical purity which can be converted to 
chiral epoxide later. One such example is given below, 

Eacemic alcohol 145 was converted to the ester of (-)~(S)- 
oC-methoxy- -trif luoromethyl phenyl acetic acid (MTPA) . The 
mixture of diastereomeric esters was purified and the ester thus 
obtained was converted to enantiomerically pure alcohol. This 

go 

alcohol was then transformed to chiral vinyl epoxide 146 (Fig. 
25). 


0— WTPA 



145 


1) NBS 

2) Na0CH3,THF^ 



Figure 25 


For the present study towards the synthesis of chiral vinyl 
epoxides we considered the possibility of starting our synthesis 
with glycidic esters in which the ester group is derived from the 
optically active menthol. It was anticipated that the menthyl 
group may exert an influence to discriminate between the two 
diastereomeric glycidic esters derived from (-) menthol. These 



Table - II 

Synthesis of Chiral Vinyl Epoxide 







(1R,2S,5R).(-) -Menthol 












glycidic esters, chosen for present study, are shown in table II. 

They are derived from cyclopentanone, cyclohexanone and 

cycloheptanone and their synthesis was carried out in an 
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analogous manner as described in the literature with the 
ketones and menthyl ester of chloroacetic acid. 



(i) UAlH4,THF,7(fC 

(ii) LiAm 4 , AC 2 O 1 Py 



R 




^ (U TsCt , Py 
(2) NaH,THF 


OR 




15Q (i) R = H 
151 (ii) R = OAc 


Figure 26 
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The glycidic ester from cyclohexanone showed two singlets, 

corresponding to the methine proton on the epoxide ring, one at 

63. 07 and the other one at 6 3.9 in a 3:1 ratio. These 

singlets could be attributed to the two diastereomers 147b-(I) 

and 147b-(II) (Fig. 27). Isomerisation of this glycidic ester 
53 

with BF^.OEtg followed by acetylation gave an acetate 149b 
whose NMR also indicated it to be a mixture of two 

diastereomers in a ratio of 3:1. The hydroxy ester 146b upon 
further reduction with LiAlH^ gave the did 150b in 85% yield. 
This did was characterised as the corresponding diacetate 151b 
whose spectral and analytical details are given in the 
experimental section. The diol 150b was converted into the vinyl 
epoxide by following the procedure as described in section 
1.9. Tlie vinyl epoxide so obtained showed an optical rotation 
of = (-) 4.64 (Cl, CHCI 3 ). 

Eeduction of vinyl epoxide 152b with LiAlH^ gave the alcohol 
153 in 70% yield. The rotation value of this compound was found 
to be = (-) 6.88 (Cl, CHCI 3 ). The structure of this 

compound was further confirmed by the NMR spectrum of the 
corresponding acetate 154. The methine proton appeared as a 
quartet at 6 4.96 with a J value of 7 Hz and the methyl group 
appeared as a doublet at 1.33 with J = 7 Hz. The olefinic 
proton appeared as a broad singlet at 65 , 6 . The alcohol 153 is 

03 

known in the literature whose absolute configuration is 

25 

designated as S with specific rotation value of 3jj = (-) 

9.8 (C 4.25, CHCI 3 ). Since the alcohol 153 obtained in the 
present study also has a negative sign of rotation its absolute 
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153 (g-c) 


152(q-c) 150(a-c) :R«H 



151(a-c) : R * Ac 
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Ficojre 1.4: 


NMR spectruffi ( 60 MHz ) of 147a 



configuration is assigned ’S’. Therefore the major diastereomer 
of the hydroxy ester as well as the glycidic ester can be written 
as having the configuration shown in 147b-(I). 

Likewise, the glycidic ester derived from cyclopentanone 

which was obtained in 60% yield also showed in its NMR 

spectrum, the presence of two diastereomers in a ratio of 3:1, 

This was concluded on the basis of appearance of two singlets at 

^3,3 and ^3.9 in a ratio of 3:1 corresponding to the methine 

proton on the oxirane ring. However these diastereomers 147-1 

and 147a-II were not separable by chromatography. Isomerisation 

of this glycidic ester 147a with BF^.OEtg^^ gave the 

corresponding Oi- hydroxy- p, T - unsaturated ester 148a whose 

NMR spectrum (60 MHz) did not show any separation of the peaks 

corresponding to the two diastereomers. The vinylic proton 

appeared as a broad singlet at 5,67 and the methine pi'oton 

adjacent to the oxygen atom also appeared as a broad multiplet at 

i 4.33 - 5.0. On the other hand the corresponding acetate 149a 

showed the presence of two diastereomers as was evident from the 

appearance of two singlets for - OCOCH^ which confirmed that the 

ratio of the two diastereomers was 3:1. Reduction of the 

hydroxy ester 146a with LiAlH^ produced the corresponding diol 

150a in 77% yield. This diol was characterised as the 

corresponding diacetate whose spectral and analytical details are, 

mentioned in the experimental section (1.14). The specific 

25 

rotation value of this diacetate was found to be [ Od Dp = (-) 

39.04 (Cl, CHClg). The diol 150a was transformed into vinyl 
epoxide 152a in two steps as described in the section (1.15). 



6 (ppm) 


Flcure 1.5: NMR spectrum (60 MHz) of 14Sa 


This vinyl epoxide, obtained in 59% yield, 
had [ = (") 1.23 (Cl, CHClg). Its NMR spectrum, 
however, did not show any separation of the two enantiomers in 
the presence of a shift reagent. On the other hand, since the 
glycidic ester was found to be a mixture of two diastereomers in 
a ratio of 3:1 and since the asymmetric centre was neither 
destroyed nor changed, it is believed that the vinyl epoxide was 
also a mixture of two enantiomers in a ratio of 3:1. It is 
therefore concluded that this vinyl epoxide is having 50% 
enantiomeric excess. For obtaining a complete proof for this e/e 
more work is obviously required. 

The absolute configuration of the hydroxy ester 148a, the 
glycidic ester 147a as well as that of vinyl epoxide 152a can be 
written on the basis of extrapolating the arguments used for 
cyclohexane system. Since the rotation for vinyl epoxide 152a 
was also negative its configuration is as shown in (Fig. 27). 

In the case of cycloheptane system the glycidic ester 
showed only one singlet at ^>3.15 for the methine proton present 
on the oxirane ring. Unlike in cyclopentane and cyclohexane 
systems the two diastereomers, if at all present in cycloheptane 
case, did not show the separation of the roethines due to them 
in its NMR spectrum. On the other hand the acetate 149c 
derived from the isomerised hydroxy ester showed the presence of 
two diastereomers in a ratio of about 3:1. This was concluded on 
the basis of the presence of two signlets due to the - OCOCHq 


protons present 

at 

^2.0 and 

^2,07. The diol 

150c 

was 

characterised as 

its 

di acetate, 

the spectral details 

of 

which 

are given in the 

experimental section. Conversion of 

the 

diol 


A% 



into the vinyl epoxide 152o was carried out via its tosylate. 
The vinyl epoxide obtained showed specific rotation value of 
[ = (-) 5,48 (Cl, CHCl^)- The absolute configuration of 
the major isomer of vinyl epoxide 152c as well as its precursors, 
till the glycidic esters could therefore be written as shown in 
the structures 147c-163c (Fig. 27) on the basis of the same 
arguments as were used for cyclopentane system. 

Since the optical purity of the vinyl epoxides and their 
precursors was only of the order of 50%, it was considered worth 
studying an alternate way of inducing asymmetry and thei’eby 
hoping that, the e.e would be of higher value. Towards this goal 
we considered the possibility of using enzymatic resolution 
technique. 

Use of enzymes in organic synthesis has gained importance 
during the last few years. Ester hydrolysis with the aid of 
enzymes viz. hydrolases has long been employed in organic 
synthesis particularly for the kinetic resolution of chiral 
carboxylic acids and alcohols. Porcine liver esterases (PLE) 
and various lipases are most frequently utilised because they are 
inexpensive and are tolerant to a wide range of substrates- 

Sih'^ ' et al were the first to realize the potential of 
kinetic resolution of meso diesters. They hydrolysed dimethyl 
cis-2, 4-dimethyl glutarate 155 by PLE and Gliocladium Roseum 

which produced the half esters 156 and 157 in 64% and 91% e.e. 
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respectively. Gais and Schneider have obtained 
tetrahydrophthalate half ester 159 on 100 mole scale using PLE. 
This compound was produced in 98% chemical yield and with at 
least 98% ee. This half ester subsequently has been transposed 





into bicyclic lactones 160 and 161 (Fig. 28) of opposite 

enantiomeric series through chemoselective reaction. 

A variety of cyclic meso diesters have been converted into 

68 

optically active half esters in an analogous manner by Tamm , 

cq 7Q 

Ohno and Jones . In addition to the meso diesters the 
asymmetric hydrolysis of meso diacetates into the corresponding 
hydroxy acetates in optically pure form has also been reported in 
the literature. 

For example the meso diacetate 162 (Fig. 29) has been 
tz'ansformed into the enantiomeric hydroxy acetates 163 and 164 
using two different enzymes viz. PLE and acetylcholine esterase 
(Fig. 29). Thus, depending on the type of enzyme employed both 
enantiomeric forms of valuable importance can be prepared. 



Figure 29 
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It has recently been demonstrated that results 
comparable to those from PLE can be obtained with an easily 
prepared crude extract from fresh pig liver, a factor that is 
likely to decrease the cost of frequent application of the method 
and will increase its popularity. Whitesell was able to separate 
pure enantiomers from the racemic mixture of the esters 166a and 
166b with this crude extract. In the case of 166a 6 days of 
reaction yielded an approximately 1:1 mixture of (-) 166a and (+) 
166a which was separated by chromatography. Basic hydrolysis of 
(+) 166a gave {+) 166a. Thus, both the enantiomers were 
obtained in high optical purity. Likewise enantiomers from 165b 
were also separated (Fig. 30). 


(±) 1650 R = Ph (-) IMo 

(±) 165b R*Me2CPh (-) 1.6.6b 

Figure 30 
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Similarly Seebach has used hydrolysis of the diacetates of 
2-nitro-l, 3-diols with crude extracts of fresh pig liver to 
obtain in optically active form of such 2-nitro-allyl esters as 
169 (Fig. 31). This compound is of special interest because it 
can act as two fold Michael acceptors. The hydrolysed acetates 
were obtained in (90-97)% e.e. 



(+) 1650 
(♦) 165 b 



N02 



The use of crude pig liver esterase in the form of powder 

known as pig liver acetone powder (FLAP) has been demonstrated by 

a number of cheraists^^’ to prepare a variety of 

optically active compounds. A few representative examples of 

such reactions are shown in the fig. 32. 

In view of the above mentioned developments using FLAP to 

resolve the racemic acetates as well as esters we were prompted 

to use it in resolving (+) ^ -hydroxy- ;B . X -unsaturated ester. 

Initial attempt to hydrolyse hydroxy ester 119b (cf. Table III) 

with fresh FLAP did not result in any appreciable yield. Even 

after several days of the reaction more than 95% of the starting 

hydroxy ester was recovered. Although this recovered hydroxy 

25 

ester did show specific rotation to be [ « ] '■jj = { + ) 5.183 (Cl, 
CHClg), the corresponding hydroxy acid could not be isolated. 
Since the hydrolysis was not appreciable we attempted the 
hydrolysis of the corresponding acetate i.e. (+) 178. It was 
expected that such a compound possessing an acetate and an ester 
group might undergo hydrolysis at least on one of these two 
centres. The acetoxy ester was prepared by acetylation of (+) 
119b in 82% yield using pyridine, DMAP, AC 2 O. Treatment of this 



OAc 


H 


OAc 



(±) 174 (♦) 174(a) (-) 174 




racemic acetoxy ester 170 with FLAP under, standard conditions as 

64 

described in the literature was carried out. The hydrolysis 
was completed after 72 hrs. The hydrolysed alcohol i.e. the 
hydroxy ester {+) 119b was obtained in 81% yield and with 

specific rotation value: [ = ( + ) 35. 663 (Cl, CHCl.^). The 

enantiomeric excess of this alcohol was found to be 90% on the 
basis of the NMR analysis of its Mosher’s ester (derived from 
R- (+)- oC -methoxy - OC - (trif luoromethyl) phenyl acetic acid). 
Tills analysis was based upon the integration of the methoxy 
peaks. The Mosher’s ester of the corresponding racemic alcohol 
showed two singlets for the two enantiomers at 6 3.52 and 
63.62 of equal intensity. On the other hand the Mosher’s ester 
of resolved alcohol showed two singlets for the methoxy protons 
in a ratio of 95:5 at 6 3.54 and 63 . 64 . The enantiomeric 
excess of the resolved acetate (-) 170 based on NMR analysis 
using chiral shift reagent i.e. ( + ) Eu(hfc )2 QTrisLS- 
(heptaf luoropropylhydroxymethylene)-d-camphorato3 europium ( III) 
was found to be 54%. 'The value of the e.e. was determined in 
this case on the basis of the integration value of acetate peaks. 

The racemic liydroxy ester 119a was converted into the 

corresponding acetate 177 and the same was hydrolysed using FLAP 
in an analogous manner as described above. The reaction after 64 
hrs of stirring was worked up to afford the optically active 
hydroxy ester (+) 119a whose specific rotation was found as 
[QC]2^P= (+) 29.016 (Cl, CHCI 3 ). 

Determination of enantiomeric excess of (+) 119a alcohol was 
again carried out on the basis of NMR spectral analysis of the 




1.6: H NMR spectru»{400MHa) of Mosher’s ester of 

{+)nw> 



To 4.0 ' ^ 2 ^ 

6 (ppm) 


Fi«ure 1.7: NMR spectrum (400MH2) of (-) 177 
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corresponding Mosher’s ester. The methoxy protons appeared as 
two singlets at <S3.56 and at ^3.66 in a ratio of 91:9 
indicating thereby that the e.e. of this hydroxy ester is 82%. 
The corresponding unhydrolysed acetate {-) 177 showed optical 
rotation to be [ oc ] 28. 475 (Cl, CHCI 3 ). NMR 

spectrum 400 MHz) of this acetate in the presence of chiral 
shift reagent (+) EuChfc)^ showed two peaks of the acetates as 
(S 2.17 and ^ 2.20 in the ratio of 72:28 indicating e.e. to 

be 44%. 

In order to study the generality of these reactions a few 
more examples were studied. These included -hydroxy- ^,7 - 
unsaturated esters derived from cycloheptanone, 4 -phenyl 
cyclohexanone, acetophenone, acetone and 3-pentanone. With 
cycloheptane system the hydroxy ester (+) 119c showed the 

specific rotation to be = (+) 108.14 (Cl, CHCI 3 ) which 

was obtained in 35% chemical yield. The enantiomeric excess 
(e.e.) on the basis of its Mosher’s ester was found to be 80%. 
The enantiomeric excess (e.e) of the recovered acetate, whose 
specific rotation was [^] p= (-) 82.56 (Cl, CHCI 3 ), was 
estimated to be 34% from its NMR spectral analysis in the 
presence of (+) Eu(hfc )3 . 

The ^ -hydroxy- yB , X -unsaturated ester 119e derived from 
4-phenyl cyclohexanone, as described in the beginning, was 
acetyl ated using pyridine, acetic anhydride, DMAP system. 
Hydrolysis of this acetoxy ester with FLAP gave the corresponding 
resolved hydroxy ester in only 29% yield. However, unlike the 
previous cases, as described above, the specific rotation value 
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n =:2;(t-) 119b 
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Figure 33 
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of this alcohol was negative: [06]^ ^ = (-) 7.8554 (Cl, CHCl^), 

The enantiomeric excess of this alcohol, determined through its 

Mosher’s ester, was found to be 69%. The specific rotation of 

25 

the recovered acetate was found to be [04] ^ = (+) 9.7419 (Cl, 

CHCl^j). Its NMR spectral analysis (400 MHz) in the presence 
of (+) Eu(hfc )2 showed its enantiomeric excess to be 53%. The 
sign of the rotation values of the alcohol and the acetate were 
opposite from the ones observed in the previous cases. 

The absolute configuration of the hydroxy ester or the 
glycidic ester was assigned in the case of cyclohexanone system 

gq 

by comparison with the literature value of 153. By a logical 
extension the configurations of cyclopentane system and 
cycloheptane system were assigned since the sign of the rotation 
values were the same as that of cyclohexane system. 

The hydroxy ester (+) 119b obtained from the FLAP hydrolysis 
of the corresponding acetate (+) 178 was reduced with LiAlH^ to 
the corresponding diol which was converted into the corresponding 
vinyl epoxide via its tosylate as described in the synthesis of 
achiral vinyl epoxide 122b. The spectroscopic details of this 
vinyl epoxide (+) 152b were identical, as expected, with that 
obtained for the vinyl epoxide (-) 152b except that its sign of 
rotation was opposite. The corresponding reduced product (+) 153 
as expected, also showed positive rotation value i.e. ] p = 
(+) 12,15 (Cl, CHClg ) . The absolute conf iguration of this 

alcohol thereby, will be R as shown in (Fig. 33). Thus the two 
methods viz., one via (-) menthol derivative and the. other via 
FLAP hydrolysis are complimentary to each other. The absolute 
configurations of hydroxy esters derived from cycloheptane and 
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cyclopentane systems would therefore be as indicated in the 
structures (+) 119c. and (+) 119a respectivey. However, since 
the sign of the rotation value is negative in 4-phenyl 
cyclohexane system, the absolute configuration could be opposite 
to that of -hydroxy esters ( + ) 119a , ( + ) 119b and ( + ) 119c. 
On the other hand, the substitution of the phenyl group at 
position 4 could change the sign of rotation while the absolute 
configuration of the asymmetric centre remaining the same as 
obtained for compounds (+) 119a, (+) 119b and (+) 119c, 

Confirmation of this aspect needs to be carried out in an 
unequivocal manner. 

For reactions in acyclic series the first example studied 
was from acetophenone. Isomerisation of the corresponding 
glycidic ester was carried out using sulfuric acid rather than 
BFg.OEtg. The hydroxy ester {+) 182, obtained in 48% yield, was 
then converted into the corresponding acetate ester using 
standard procedure as mentioned for other acetate esters and 
characterised spectroscopically (cf. 1.19). FLAP hydrolysis of 
this compound gave the hydroxy ester (+) 182 in 36% yield whose 
specific rotation value was found to be [OC] r ( + ) 6.69 and 

its enantiomeric excess derived from its Mosher’s ester was found 
to be 65%. The recovered acetate which had specific 

OK 

rotation [^3 p = (-) 8.79 was found to be having 20% e.e as 
revealed by its 400 MHz ^H NMR spectrum. The -O-COCH^ protons 
appeared as two singlets in the ratio of 40:60 at 
2.46. 


2 . 44 and 




FlAure I. 10 
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The filycidic ester from acetone was isomerised with 
sulfuric acid and the corresponding ^ -hydroxy ester was 
acetylated. FLAP hydrolysis of this acetate even after 70 hrs 
did not show any appreciable hydrolysis as revealed by the TLC 
analysis of the reaction mixture. However, the recovered 
acetate {-) 186 was found to be optically active with a rotation 
value of [0^3'^ U = (-) 15.033 (Cl, CHCl^) . In the presence of 
(+) EuChfc)^ the 400 MHz ^H NMR spectrum of this acetate 
revealed its e.e to be about A0% as the -O-COCH^ protons appeared 
as two singlets at S 2.502 and ^2.506 in the ratio of 70:30. 
The hydrolysed alcohol, however, could not be isolated from the 
reaction mixture. Since the recovered acetate was isolated in 
large amount it is probable that the small amount of the alcohol 
formed in the reaction may have got lost during the workup owing 
to its low molecvilar weight and higher polarity. 

The -hydroxy- ^ , Y -unsaturated ester derived from 

3-pentanone was synthesized in an analogous manner as reported in 
75 

the literature . This hydroxy ester was characterised as 
acetate 189 and was found to be a mixture of E and Z isomers in 
approximately 2:1 ratio. In its ^H NMR spectrum the vinylic 
methyl group appeared as two doublets at &1.63 and 5 1.7 in 2:1 
ratio. The methine proton OCHOAc) appeared as two singlets 
at 5.03 and the other at 5 5.06 accounting for 1 proton 

and representing the two geometrical isomers. Although it was a 
mixture of two geometrical isomers the FLAP hydrolysis was still 
carried out and no further studies were done to ascertain the 
ratio of cis and trans isomers. 
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in this case no attempt was made to study the hydrolysis of 
diacetates from other examples. Spectroscopic details of 
compounds 190, 191 and 192 are presented in the experimental 
part. 

This study using FLAP hydrolysis therefore leads to a 
number of optically pure hydroxy esters and vinyl epoxide (+) 
152b and the alcohol (+) 153 in fairly good optical purity. Tliese 
compounds show opposite conf igurations in comparison to those 
which are obtained using (-) menthol. These intermediates are 
expected to be useful in organic synthesis. 



1.4 Experimeiktal details 


All the reactions were performed in oven dry glass 
apparatus. Reaction mixtures were stirred magnetically . 
Commercial grade solvents were distilled before use. 
Dichloromethane used for the reactions was distilled from 
phosphorous pentoxide (P2®5^ * Benzene were dried over 
CaClg and stored over sodium wires. THF was dried over potassium 
hydroxide ( KOH ) and stored over sodium wires. Pyridine was 
distilled and stored over KOH. Acetic anhydride was freshly 
distilled and boron trifluoride etherate was also freshly 
distilled over calcium hydride (CaHg) before use. t-Butanol was 
dried using anhydrous KgCO^. Acetone was dried using KMnO^, 
anhydrous K2C0^ and finally used after distillation. Acetophenone 
and 3-pentanone were distilled prior to use. 

Thin layer chromatography (TLC) was performed on prepared 
thin layers of E. Merck Silica gel-G on microscope slides. 
Visualization of the spots were effected by ultraviolet 
illumination or exposure to iodine vapour. Preparative TLC 
plates were prepared from a slurry of 20 g of E Merck Silica gel- 
G in 45 ml of water on 20 cm x 20 cm glass plates. The plates 
were dried at room temperature and activated at 120*^C for 3 h 
prior to use. Column chromatography was performed using column 
chromatography grade silica gel (100-200 mesh). 

Melting points (m.P) were determined in a Fisher-Johns 
melting point apparatus. 



Elemental analyses were carried out in Coleman automatic 
carbon, hydrogen, nitrogen analyzers. 

Infrared spectra were recorded on Perkin-Elmer model 1320 
spectrophotometers and the absorption bands are reported in 
reciprocal centimeters (cm ^). 

Proton magnetic resonance {^H NMR) spectra were recorded on 
a Jeol PMX-60 (60 MHz) and Bruker WM- 400 FT NMR (400 MHz) 
spectrometer and chemical shifts are reported in the scale as 
parts per million (ppm) down field from tetramethylsilane (TMS) 
which was used as an internal reference. Multiplicity is 
indicated using the following abbreviations br (broad), s 
(singlet), d (doublet), t (triplet) q (quartet), m (multiplet) 
etc. Coupling constants (J) are reported wherever necessary and 
are expressed in Hz. 

Mass spectra were recorded on a Jeol JMS-300D Mass 
spectrometer at an electron beam energy of 70 eV and the peak 
positions of the principal fragments have been reported in m/z. 

pc 

For recording 1 ^ 3 ^ p value of optically active compound 
JASCO DIP-370 digital polarimeter was used at the wavelength of 
the sodium D-line (589 nm) and at ambient temperature. 

Enantiomeric purity of chiral alcohol was determined by 
preparing Mosher’s ester of it and analysing the ^H NMR spectrum 
(400 MHz) of the ester. 

Optical purity of chiral acetate was determined by analysing 
the ^H NMR spectrum (400 MHz), of the chiral acetate in the 
presence of the shift reagent ( + ) Eu(hfc).^. 



1.5 General procedure for the preparation of fflycidic esters®^ 
118 (a-e) 

Procedure -A. 

To a suspension of sodium sand (253 mg, 11 mg atom) in 3.5 

ml of anhydrous xylene was slowly added a mixture of a ketone 

(10 mmol) and ethyl chloroacetate (1.25 g, 10.2 mmol) with 
stirring and cooling in an ice-salt bath. The reaction mixture 
was then allowed to come to room temperature during 1 hr and 
stirred at room temperature for additional 6 hr. The red 
coloured solution was then poured into 10 ml of ice cold water 
and extracted with ether (3 x 25 ml). The combined ether layer 

was washed with water (2 x 10 ml), brine ( 10 ml) and dried over 

anhydrous NagSO^ . After removal of ether using rotary 
evaporator, xylene was removed under reduced pressure. The 
crude product was purified by Kugelrhor distillation. The 
properties of the glycidic esters prepared by this procedure are 
as described below: 

lthyl-1 - oxaspiro -[2,41 - heptan -2- oarboxylatc (118 a) 



Yield - Zl% 

A clear liquid 

B.P. : 100®C/4 mm (Lit^^ b.p. 72®C/1 mm) 



H spectrum (neat) • 1745 and 1725 (-^-OEt, glycidic) cm 

'H NMR spectrum (CCl^): 4.2 {2H, q, -OCflgCHg, J = 7Hz), 3.35 

;iH,Sj 2.1 - 1.43 { 8 H, m, 4 methylenes) and 1.27 {3H,t, 

- OCH 2 Cfi 3 , J = 7Hz) 

Ethyl- 1 - oxaspiro [2,53 - octan-E-carboxylate (118 h) 



Yield : 54% 

A semi-viscous liquid 

B.P. : 100®C/2 mm (Lit^^ b.p. 90^C/1.5 mm) 

IR spectrum (neat) : 1750 and 1725 (-C-OEt, glycidic) cm ^ 

% NMR spectrum (CCl^). <54.2 (2H, q, -OCigCHg, J = 7Hz), 

3.12 (IH, s, y^CH-), 1.97 - 1.47 (lOH, m, 5 methylenes) and 1.3 
{.3H, t, -OCH 2 CB 3 , J = 7 Hz). 

Ethyl- 1 - oxaspiro -[2, 63 -nonan - 2- carboxylato (118 c) 



Yield : 40% 



A clear oil. 

B.P. : 105^C/1 mm b.p. 90®C/ 1 mm) 

IR spectrum (neat) 1725 {-^-OEt, fflycidic) cm ^ 

NMR spectrum (CCl^): ^4.17 (2H. q,-OCE 2 CH 3 , J = 7Hz), 

A 

3.1 (IH, s, A^Cfl- ), 2.0 - 1.47 (12H, m, 6 methylenes) and 
1.3 (3H, t, -OCHgCHg; J = 7 Hz) 

Ethyl- 1 - oxa»piro-t2,5]- octan-5-methyl -2- carboxylate (118 d) 


H3C 



Yield - 57% 

A clear liquid 

B.P. : 115 - 170^'*C/ 10 mm. 

IR Spectrum (neat) 1725, 1750 (-^-OEt), glycidic) cm ^ 

13MR Spectrum (CCl^): ^4.2 (2H. q, J = 7 Hz, -OCHg-), 

3.03 - 3.1 (IH, 2s, >^^fi-), 2.1 - 1.2 (ISH, m, 

methylenes, methines and methyl triplet of at 1.3) 

0.95 (3H, d, HC-CB 3 ) 

Mass spectrum (m/z): 198 (M^) 

Anal. Calcd. for : C, 66 . 6 ; H, 9.04; Found: C, 67.1; 

H, 9.38% 
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Ethyl -1-oxaspiro- C2,51 - octttn-5-phonyl-2- carhoxylat© (118 ©) 




% 

COOEt 


Yield : 56% 

Thick liquid 

IR Spectrum (neat) ■ 1725, 1750 {-C-OEt, fflycidic) cm ^ 

NMR Spectrum (CCl^): 5 7.0 (5H, 3 , aromatic protons), 

4.2 {2H, q, -OCHg* J = 7Hz), 3.13 - 3.16 (IH. 2s, 

.0 

)» 2.15 - 1.65 (9H, methylenes and 
-Ca(Ph)), 1.3 (3H, t, J = 7 Hz,-0CH2CH3); 

Mass spectrum (m/z): 260 (M ) 

Anal. Calcd. for C^gHgQOg; C, 73.85; H, ,7.69; Found: C, 74.1; 

H, 8.31% 

1.6 Is<»Berisation of fflycidic esters [118 (a-e)] to 

OC - hydroxy J3 , Y unsaturated esters®^: [119 (a-©)3 

General procedure 

To a solution of a glycidic ester ( 1 mmol) in 1 ml of 
anhydrous dichlorome thane was added BF^, EtgO (7.1 mg, 0.5 mmol) 
under dry Ng atmosphere at 0*^0. The reaction mixture was stirred 
at that temperature for 10 min. It was then neutralised with 
saturated NaHCO^ solution and extracted with diethyl ether (4 x 
15 ml). The combined ether layer was washed with brine (10 ml) 

67 



and dried over anhydrous NagSO^. Removal of the solvent gave a 
thick oil, which was purified by column chromatography [eluent: 
pet ether [60-80^0]: ethyl acetate (94:6). The characteristics 
of isomerised products are described below: 

Ethyl [ 2 -hydroxy- {1-cyclopentenyl^ acetate (119 a) 



Yield - 60% 

Thick oil (Lit.^^ b.p. 105-107^0/10 mmol) 

IR spectrum (neat) 3460 (br, 0-H) and 1730 (-C-OEt) cm~^ 

NMR. spectrum (CCl^): 65.75{1H, br, s, =CH-), 
4.7(lH,br,s,-CaOH), 4.25 (2H, q, -OCHgCHg, J = 7Hz) 3.05 (IH, br 

s, OB) 2.7-1. 5 (6H, ffi, allylic and other methylenes) and 1.35 
{3H, t,-OCH 2 CH 3 , 0 = 7Hz) 

Mass spectrum (m/z ): 170 ( M"^), 97 { M"^ - COgEt). 


Ethyl ^2-hydroxy- (l-cyclohexenyl)J acetate (119 b) 


H 

CCXlEt 



Yield 65% 

Thick oil (Lit^^ b.p. 116-8^C/10 mm) 

IR spectrum (neat) •• 3480 (br,-0H) and 1730 (g-OEt) cm" 

% NMR spectrum (CCl^) : S 5.83(1H, br, s, = CH“) 4.6 - 4.1 
(3H, m, - CHOH and the -OCHgCHg, quartet, J = 7 Hz) 

3.1 (IH, br, s, -OB) 2.4 - 1.97 (4H, m, allylic methylenes), 
1.9 - 1.3 (4H, m, 2 methylenes) and 1.3 {3H, t,-OCH 2 CH 3 . 0=7 
Mass spectrum (m/z) : 184 ( M^), 111 { M^-COOEt), 

Ethyl (2 -hydroxy - 2 (l-cycloheptenyliJ acetate (119 c) 


O"' 


COOEt 


Yield 38% 

Thick oil (Lit®^ b.p. 89®C/0.5 mm) q 

IR spectrum (neat) V 3500 (br) 0-H), and 1730 (-C-OEt)cm 
% NMR spectrum (CCl^): S 5.93(1H, t,=Ca-, J = 6 Hz). 

4.5-4.05 {3H, m, CH OH and the -OCH 2 CH 3 quartet, J = 7Hz) 
2.97 (IH, br. s, -QH), 2.45-1.97 {4H, m, allylic methylenes), 
1.9-1, 17 (9H, m, 3 methylenes containing the -OCHgCHq 
triplet, J = 7 Hz). 

Mass spectrum (m/z) : 198 ( M"*^), 125 ( M''^-C 02 Et) 


go 


Hz), 



Ethyl [2 -hy<iroxy-2(4-Bieth3rl-l-cyolohexonyl^ acetate (119 d) 



Yield 58% 

Thick liquid 

IR spectrum (neat) 1780 (br.-O-H) and 1720 (-C-OEt) cm ^ 

NMR. spectrum (CCl^): <S5.6{1H, hr. s,=CH-), 4.15-3.75 (3H, m, 

-CaOH and the -OCEgCHg quartet, J=7 Hz). 2,8 (IH, hr. s, -OH), 
2.5-1.53 (7 H, ffi, methylenes and Ca(CHq) methine) , 1.27 {3H, t, 
-OCH 2 CB 3 , J = 7 Hz), 0.97 (3H, d. -CH CH 3 . J = 3 Hz). 

Mass spectrum (m/z): 198 (M^), 125 (M^-COglt) 

Ethyl [2-hydroxy-2(4-pheiiyl-l-cyclohexenylX] acetate (119 e) 



Yield 40% 

M.P. 58^C 

White crystalline solid which is crystallised from ethyl alcohol 
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IR spectrum (KBr) 3440 (br.-O-H) and 1720 (-C-OEt) cm~^ 

NMR spectrum (CCl^): 5 7.1 (5H, s, aromatic protons), 

6.75 (IH. Br. s, = OR), 4.46-3.73 {3H, m,-CHOH and the -O-CHg-CHg 
quartet, J = 7 Hz), 3.1 (IH, br. s, -QH), 2. 2- 1.6 (7H, m, 
methylenes and -CjBPh methine), 1.3 (3H, t, -OCHgCfl^, J= 7Hz). 
Mass Spectrum (m/z): 261 (M + 1) , 188 [(M + 1) - COgEt] 

1-7 LiAlH^ reduction of Isomerlsed hydroxy eaters to the 

correspondlnff dlols: [120 (a-ejj. 

General procedure -■ 

To a suspension of LiAlH^ (2.5 mmol) in anhydrous THE (5 ml) 
was slowly added a solution of the P « T' - unsaturated hydroxy 
ester at 5'^C. After, tlxe completion of addition ice bath was 
removed and then the solution was refluxed for 4 hr. Excess of 
LiAlH^ was destroyed with ethyl acetate (20 ml) followed by water 
1 ml and aq NaOH (1 ml). It was then filtered through a pad of 
anhydi'ous NagSO^ and the residue thoroughly washed with ethyl 
acetate. The combined filtrate upon concentration yielded a 
thick oil which was purified by column chromatography (eluent: 
ethyl acetate/pet ether: 25:75) to yield the diol. The 

characteristics of diols [120 (a-e)] are given below: 


l-Gyclopentene-l-{ -hydroxy-ethanol ) (120 a) 



Yield 48% 


Thick oil. 

IR spectrum (neat) • 3400 (-0H) cm ^ 

% NMR spectrum (CCl^): ^5.5 (IH, br. s, -Cfi = C<), 

4.4- 3.56 {3H, m, -CHOH-CHgOH) , 3.53-3.3 (2H, br. s, -CHOH-CHgOH) , 

2.5- 1.35 (6H, m, allylic and other methylenes). 

Mass spectrum (m/z): 128 (M^), 110 (M^-HgO), 81 (H^-CHO) 

l-Cyclohexeiae-l-( ^-hydroxy-ethanol) (120 b) 

OH 


Yield 67% 

Colourless viscous oil 

IR spectrum (neat) 3500 (-OH) cm ^ 

NMR spectrum (CCl^) : S 5.6 (IH, br. , s, -Cfi = C<) , 

4. 5-3. 6 {3H, m, CHOH - CEgOH), 3.53 - 3.16 (2H, m, CHOH - CHgOH) 
2,3- 1(8 H, m, allyl and other methylenes) 

Mass spectrum ( m/z ) : 143 (M + 1)’^, 112 [(M"^ + 1) - CHgOH] 

l-Cycloheptene-l-( )B -hydroxy-ethanol) (120 c) 



Yield 70% 
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Light green coloured viscous liquid 
IR spectrum (neat) • 3460 (-OH) cm ^ 

NMR spectrum (CCl^): <5 5. 83 (2H, t, -Cfi = CO, 

4.16-3.88 (2H. m, CflOH-CHgOH) 3.69-3(3H, m, CHOfl - CHgOH) 
2.5-1 (lOH, m, allylic and other methylenes) 

Mass spectrum (m/z): 156 (M^), 138 (M^-fi20) 

4-Hethyl-l-cFclohexene-l ( p -hydroxy ethanol) (^120d) 



Yield 52% 

A viscous liquid 

IR spectrum (neat) 'O 3465 (-OH) cm ^ 

wax 

NMR spectrum (CCl^) : 5. 56 (IH, hr. s - CH = C <), 

4.6 - 3.8 (3H, m, -CHOH - CH 2 OH) 3.66 - 3.16(2H, m, -CHOfi -CH 2 OH) 
2. 5-1. 06 (7H, m, allyl and other methylene and methines) 

1.00 - 0.66(3H, d, >CH(CH3)) 

Mass spectrum (m/z): 156 (M'^), 157 (M + 1)^, 139 [(M'^+l )-H203 
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4-Fh©iiFl-l-c7Coh«x©n«-l-( /9 -hydroxy ©thanol) (120©) 


OH 



Yield 66% 

White crystalline solid, crystallised from ethyl alcohol 
m.p. 64*^0 

IR spectrum (KBr) 3400 (-0H) cm ^ 

lljcix 

NMR spectrum (CCl^): ^7.16 (6H, s, aromatic protons), 

5.66 (IH, hr., s, -CR = C <) 4.16-3 (5H, m, -CflOH - CHgOH) 
2.15-1.00 (7H, m, allyl and other methelene, methine) 

Mass spectrum (m/a): 219 (M+1)^, 201 [ (M^+1 )-H20] , 

172, 104 

1.8 Preparation of acetyl derivatives [121 (a-e)3 of diols 
[120 (a-e)] 

General Procedure: 

A mixture of a diol (0.6 mmol) and acetic anhydride (204 mg, 
2 mmol) in 1 ml of anhydrous pyridine was stirred at room 
temperature for 20 hr. It was then poured into 10 ml ice cold 
water and extracted with ether (3 x 15 ml). The combined ether 
layer was washed with 5% HCl (5 ml), water (2x5 ml) and brine 
(5 ml) and dried over anhydrous NagSO^ . Removal of the solvent 
gave a crude product which was purified by column chromatography 
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(eluent: ethyl acetate/pet ether= 5/95) to obtain pure diacetate. 
The characteristics of diacetates [121 (a-©)] are given below: 

l-(Cyclopent-l-ene)-l,2-diac©toxy ©than© (121 a) 


OAc 



Yield BB% 

The colourless thick liquid 

IR spectrum (neat) 1750 (-0-C0-CH,3) cm ^ 

wax o 

NHR spectrum (CCl^): S 5.73-5.3 {2H, m, = CH, - CfiOAc), 
4.15-3.8 (2H, m, -Oli^Oho) , 2.45-1.3 (12H, m, allylic and 
other methylenes, with two-0C0-CH3 singlets at S 2.03 and S 1 . 97 
Mass spectrum (m/z): 152 (M'^-CHgCOOH) , 92 

Anal. Calcd. for 62.28; H, 7.54; Found: C, 83.05; 

H, 7.85% 

l-(CFcl6hex-l-©n©)-l,2-dlac©toxy ©than© (121 h) 



Yield 95% 

A clear thick liquid 
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IR spectrum (neat) ‘ 1*745 (-O-^-CHg) cm 

NMR spectrum (CCl^): S5.6(1H, br. s, - =CH) > 5.3-5.00 (IH, q, 

- CH OAc), 4.66 - 3.75{2H, m, - CH 2 OAc), 2. 3-1. 35 ( 14H, m, 
allylic and other metliylenes, with two acetoxy (-O-CO-CHg) 
singlets at S 2 and S 1.94) 

Mass spectrum (ra/z): 166 [ (M^+1 )-CHqCOOH3 , 106 

Anal. Calcd. for Ci2%8^4 ' 63.72; H, 7.96; Found: C, 63.12; 

H, 7.09% 

l-{Cyclohept-l-ene)-l, 2-diacetoxy ethane (121 c) 



Yield 86% 

A colourless viscous liquid 

IR spectrum (neat) : 1745 (-0-C0-CH,) cm"^ 

max o 

NMR spectrum (CCl^): S 5.73-5.26 (2H, br. , m, = CE. -CflOAc) , 
4.3-3.75 {2H, ra, - CE 2 OAC), 2.45-1.33 {16H, m, allylic and other 
methylenes and two-{0-C0-Cfl^ singlets at S 2,12 and S2.06 
Mass spectrum (ra/z): 241 (M+l)"^, 181 [ (M'^+l )-CH 3 CCX)H] , 

Anal. Calcd. for C^^HgQO^: C, 65.05; H, 8.3% 

Found : C, 66.02; H, 8.9% 
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l-(4-Ph©nyl-cFcloh©x-l-©ne)-l,2-dlttC©toxy ©than© (121 o) 


OAc 



Yield 82% 

Thick liquid 

IR spectrum (neat) • 1735 (-O-CO-CH^) cm^ 

NMR spectrum (CCl^): <5 7.15 (5H, s, aromatic protons), 

5.7 (IH, br. s, = CH) , 5. 4-5.1 {2H, m, -CHOAc) 

4.3-3.75 (2H, m, -Ca20AG) , 2.45 - 0.78 (13H, m, allylic and 

other methylenes, methine and two (-O-CO-CEq-i singlets at 
%2.04 and ^ 1.96 also. 

Mass spectrum (m/z): 302 (M"^), 242 (M^-CHgCOOH) . 

Anal. Calcd. for C, 71.52; H, 7.28; Found: C, 72.05; 

H, 7.36% 

1.9 (3en©ral procedor© for the preparation of vinyl epoxides: 

[122 {a-©)3 

To a stirred solution of a diol (1 mmol) in dry ether (2 ml) 
was added pyridine (1.5 mmol) and freshly recrystallised 
p-toluene sulphonyl chloride (1.2 mmol) at O^^C. It was stirred 
at O-IO'^C for 7 days by the end of which the reaction was 
generally complete (TLC monitoring as indicator). Solvent was 
then removed under reduced pressvire and the crude product so 
obtained was used without further purification. 
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A stirred, suspension of NaH (1.2 mmol) in dry ether (2 ml) 
at O^C was treated with a solution of crude tosylate, obtained 
from the above mentioned reaction, in ether (2 ml). The reaction 
mixture was stirred at room temperature for 12 hr. It was then 
diluted with water (5 ml), and extracted with ether (3 x 10 ml). 
Evaporation of the solvent yielded a crude product which was 
purified by column chromatography, (eluent : pet ether/ether 
90/10) . 

The characteristics of vinyl epoxides [122 (a-e)] are given 

below: 

Oxiraiie-2- ( cyclopent-l-ene ) (l 22a} 



Yield 87% 

A clear liquid 

NMR spectrum (CCl^) : 5 5.75 (IH, t, =Cfl, J = 2Hs) 

3.3(1H, t, 2.83-2.6 (2H, m, 

2.3 - 0.6 (6H, m, allylic and other methylenes) 

Mass spectrum (m/z): 111 (M+l)"^, 110 (M"^) 



xiran©-2-( cyclohex-1 -©a©) (122 h) 



ield 78% 

. freely mixing colourless liquid 
H NMR spectrum (CCl^) : ^5.75 (IH, t, =CHi J 

1.09 (IH, t, - 2.66-2.27 (2H, m, -CH 

1.15-1.18 (8H, m, allyl and other methylenes) 
iass spectrum (m/z): 125 (M+l)^, 124 (M^). 

>xir4suae-2 (cyclohept-l-ene) (122 o) 



Yield 75% 

A clear liquid 

mm spectrum (CCl^) : <S 5.7 (IH, t, =Ca, J 

x'O. 

.3.15 (IH, t, -CB-CHg), 2. 6-2. 3 (2H, m, - CH-Cfig 
2.15-1.17(10H, m, allyl and other methylenes) 
Mass spectrum (m/z): 139 (M+1)'^, 138 (M'^). 


3 Hz), 

‘CBg), 


=6 Hz), 
), 
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03 tiran«- 2 -( 4 -iBothFl-O 3 roloh«x-l-©ii«) (122 d) 



Yield 81% 

NMR. spectrum (CCl^) : <5 5.9 (IH, br, s, = Cfi) 

3.2 (IH, t, J = 3 Hz), 2.66-2.45 (2H, m. 

1.78-0.75 (lOH, ffl, allylic and other metlxylenes, methine with 
methyl doublet of - CH(CHq) at SO.97). 

Mass spectrum (m/z): 139 (M+1)^, 138 (M^). 

0xiriuie-2-(4-phenyl-cyclohex-l-eiie) (122 e) 



Yield 71% 

NMR spectrum (CCl^) : ^7.3 (5H, br s, aromatic proton), 

5.73 (IH, br., s, = CJ3), 2.96 (IH, t, -CB^Hg, J = 3 Hz), 

2.83-2.6 {2H, m, - C^^a 2 )> 2. 3-1. 2 (7H, m, allylic and 
other methylenes and the methine proton). 

Mass spectrum (m/z): 201 (M+1)^, 200 (M^). 
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1,10 General procedure for the preparation of chiral slycidlc 
estera: [147 {a-c)l 

(a) Preparation of ClCHgCOOR : Choroacetic acid (1.1 mmol) was 
taken with (-) menthol (1 mmol) in 20 ml toluene. To it was 
added two drops of cone HgSO^. The solution was refluxed using 
Dean-Stark apparatus for 7 hr. After the completion of reaction 
it was neutralised with saturated sodium bicarbonate solution. 
Then it was worked up with ether (2x25 ml), water (2 x 5 ml), 
brine (5 ml). Finally after removal of ether toluene was removed 
under reduced pressure and the thick liquid obtained was pure 
ClCHgCOOR"^. 

(b) Preparation of glycidic ester: Glycidic ester was 
prepared following the same procedure as is given in section 1.6 
and GlCHgCOOR* (where R* is IR, 2S, 5R (-) menthol) was used 
instead of ClGHgCOOEt. The properties of glycidic esters are 
given below: 

Menthyl -1 -oxaspiro- [2,4] -heptan-2-ceurboxylate {147a) 



Yield 60% 

Colourless thick liquid 

IR spectrum (neat) 1760, 1725 (-COOEt, glycidic)cm ^ 

1 r 

NMR spectrum (CCl^): 64.75-4.5 (IH, br m, >C — -CH-COOCHO , 
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3.9 and 3.3 (IH, two singlets, relative areas ca l:3,>0~Cfl-) 
2.15-0.65 (26H, m, methylenes, methines and two sets of 
overlapping doublet due to menthylroethyl at S 0.95 and 
^ 0.7 of J = 7 Hz) 

Mass spectrum (m/z): 280 (H^) 

Anal. Calcd. for : C, 72.86; H, 10.0; Found: C, 72.23; 

H, 9.5% 

Menthyl-l-oxaspiro- [2, 53-octan-2-carboxylate (147b) 



Yield 64% 

Colourless thick liquid 

IR spectrum (neat) '0 = 1750, 1725 (-COOEt, glycidic)ciB ^ 

115 Q,X 

NMR spectrum: 64.65 - 4.45 (IH, hr, m, >C CH-COOCE<) , 

A 

3,9 and 3.07 (IH, two singlets, relative areas ca 1:3,>C -Cfi-), 
2,6 - 0.7 (28H, m, methyls and methines and two sets of 
overlapping doublets due to menthyl methyl at 6 0.8 and 
S 0.73 of J = 7 Hz 
Mass spectrum (m/z): 294 (M^). 

Anal. Calcd. for : C^^gHg^Og: C, 73.47; H, 10.2; Found: C, 73.12; 

H, 9.8% 
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Menthyl-l-oxa«piro- t2, 5]-nonan-2-carboxylato (147o) 



Yield 45% 

Colourless viscous liquid 

IE spectrum (neat) 0 : 1750, 1725 (COOEt, glycidic)cm“^ 

iJiaX 

t r 

NMK spectrum (CCl^): d 4.75-4.45 (IH, br. m, >C — ^CH-COOCHO. 

3.15 (IH, s, >C”^-''CH-) 2.4-0.65 {30H, m, methylenes and 
methines, and two sets of overlapping doublets due to 
menthyl methyl at So.85 and S 0.73 of J = 7 Hs 

Mass spectrum (m/z): 308 (M^). 

Anal. Calcd. for : ^19^32^3' 74.03; H, 10.39; 

Found: C, 73.82; H, 9.4% 

1. 11 Isomerisation of glycidio esters [147 (a-c)3 to ‘^-hydroxy 
- r -unsaturated esters^^ [148 (a-o)] 

The isomerisation procedure is same as given in lit. . The 
characteristics of isomerised products are given below. 

Henthyl-2 hydroxy-2- [cyclopent-l-ene] -acetate (148a) 
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Yield 22% 

Colourless liquid 

IR spectrum (neat) 'O : 3500, 1720 (-OH, -COOEt) 

IliOlJV 

NMR spectrum (CCl^): 5 5.67 (IH, br. s, = CE) i 

5-4.33 (2H, br. m, -COOCfi < and CHOH) 2.75 (IH, br. s, OH)^ 
2.3-0.65 {24H, m, methylenes and methines, and 
overlapping doublets due to mentliyl methyles) 

Mass spectrum (m/z): 280 (M^), 142, 138. 

Menthyl-2-hydroxy-2- [cyclohox-l-ene] -acetate (148b) 


OH 



CO2R 


Yield 6 . 5 % 

Thick liquid 

IR spectrum (neat) 3500, 1715 {-OH, COOEt )cm ^ 

NMR spectrum (CCl^): 5 5.8 (IH, br. s, = CH) . 

4.8-4.45 (IH, br. m, - COOCH ), 4.1 (IH, br. s, -CHOH), 

2.97 (IH, br. s,-OH)» 2.6-0. 6 (26H, m, methylenes, methines, 
and overlapping doublets due to menthyl methyl 
protons . 

Mass spectrum (m/z)': 294 (H^), 156, 138 
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Menthyl-2-hydroxF-2- (oyolohept-l-one) aoetat© (148o) 



Green coloured thick liquid 

IR spectrum (neat) : 3500, 1710 cm"^ 

NMR spectrum (CCl^): S> 5.75(1H, t, = CH, J = 6 Hz), 

4.75-4.45 (IH, br. ra, -COOCHO , 4.3(1H, br.s, -CHOH) , 
2.75(1H, br.s, -OH), 2. 4-0. 75{28H, ro, methylenes, methines 
and overlapping doublets due to menthyl 
methyl protons. 

Mass spectrum (m/z): 308 (M^), 170, 138 

1.12 General Procedure for the preparation of acetyl derivatives 
[149 (a-o)3 

A mixture of a hydroxy compound (0.5 mmol), acetic anhydride 
(204 mg, 2 mmol) and anhydrous pyridine {0,05ml, 0.6 mmol) in 2 
ml of dry dichloromethane was stirred at room temperature for 20 
hr. It was then poured into 10 ml of ice cold water and 
extracted with CHgClg (3 x 15 ml). The combined CHgClg layer was 
washed with 5%, HCl (10 ml), water (2 x 5 ml), brine (10 ml) and 
dried over anhydrous Na2S0^, Removal of the solvent gave a crude 
product which was purified by column chromatography [eluent pet 
ether ( 60-80^0 : ethyl acetate (97:3)], The properties of the 
oC-acetoxy- Y -unsaturated esters are given below. 
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M©nthyl-2-aootoxy-2- (cyolopent-l-ene) acetate (14ea) 


0 

II 

r^lr^cozR* 

A mobile colourless liquid 

Yield 85% 

IR spectrum (neat) : 1740 {-O-CO-CHo, R*-0-C=0) cm~^ 

NMR spectrum (CCl^): ^ 5.78 (IH, br. s, = CH) , 

5.4 and 5 (IH, 2s, relative area ca 1:3, -CflOAC), 

4.79-4.3 (IH, br. m, -COgGBO , 2.45-0.4 (27H, m, allyl and 

other methylenes, methines and include -0-C0-CH-::j methyl peak 
at 5 2.25 and overlapping menthyl methyl doublets 
at <$0.95, 5 0.8 and 0.68) 

Mass spectrum (m/z): 322 323 (M+l)"^, 279 (M’^-43) 

Menthyl -2-acetoxy-2- (cyclohex-l-ene) -acetate (149b) 


II 

O-C-CH3 

A clear liquid 
Yield 92% 

IR spectrum (neat) (-O-CO-CH^, R*-0-C=0) cm 

NMR spectrum (CCl^): S5.83(1H, br.s, = CH) > 

5(1H, s, -CaOAc), 4.75-4.3 (IH, br.m, -COgCHO , 
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2.38 0,45 (26H, m, allylic and other methylanes 
and three overlapping menthyl methyl 

doublets at 5 0.95, 0.79 and 0.62), 2.12 and 2.03 (3H, 
2 s, relative area Ca 1:3, -OCOCH 3 ). 

Mass spectrum (ro/z): 336 (M'*’), 337 (M+l)'^, 293 (N'*'-43) 

Menthyl-2-acotoxy-2-{cyclohept-l-©ne)-acetate (149cl 


p 

C-CH3 


A clear liquid 
Yield B2% 




cm 


-1 


IR spectrum (neat) 1740 (-O-CO-CH.,, -R^-0-C=0) 

Jjj«X o 

NMR spectrum (CCl^): &5.8 (IH, t, = CH), 4.7 (IH, s, 
-CHOAc) , 4.6-4.3{lH,m,-0-CH<), 2 . 3-0 . 45( 28H, ns, allylic 


and other methylenes and overlapping doublets at ^0.95, 0.8 
and 0.63), 2.07 and 2.0 (3H, 2s, relative area ca 1:3, 
-OCOCH 3 ) 

Mass spectrum (m/z): 351 (M+1)^, 290 [(M^+l)-59] 


1.13 LiAlH^ reduction of the hydroxy esters [148 (a-o)3 to 
chiral did [150 {a-c)3 

The procedure for LiAlH^ reduction was followed as described in 
section 1.7. The characteristics of diols are given below: 


i 
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2- (Cyclopent-l-ene) -2-hydroxy ethanol (150a) 


rin^°" 

u — OH 

Yield 11% 

A colourless thick liquid 

IR spectrum (neat) •• 3465 (-OH) cro~^ 

NNR spectrum (CCl^) : ^ 5.5{1H, br.s, -Ca= C<) , 4.3-4 (3H, m, 
-CHOH-CH 2 OH) 3.5-3(2H, ffl.-CHOa-CHgOE) 2.5-1 (6H, m, allyl and othe: 
methylenes) 

Mass .spectrum (m/s): 128 (M'^), 110 (M'^-HgO). 81 

2- (Cyolohex-l-ene) -2-hydroxy ethanol (150h) 



Yield 85% 

A viscous oil 

IR spectrum (neat) • 3460 (-0H) cm ^ 

NMR spectrum (CCl^) : ^6.90 (IH, br.s, -CH = C<) 

4.5- 4.1(3H, m, - CHOH -CEgOH) 3. 8-3. 2 (2H, m,-CHOa - CHgOE) 

2.5- 2.2(4H, ffi, allylic methylenes), 2-1.8(4H, m, 
other methylenes) 

Mass spectrum (m/z): 143 (M+l)^, 112 [(M +1)-CH20H] 
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2- (Cyolohept-l-ene) -2-hydroxy ethanol (150o) 



Yield 82% 

A thick oil 

IR spectrum (neat) : 3455 (-0H) cm~^ 

JjJuX. 

NMR spectrum (CCl^) : 5 5.66(1H, t, -CH = C< ) 

4.15-3.6{3H, m, CHOH-CHgOH) 3.56-3{2H, m, -GHOH CHgOfl) 
2.5-l(10H, m, allyl and other methylenes). 

Mass spectrum (m/z): 156 (M^), 138 (M^-HgO) 

1.14 General procedure for the preparation of dlacetates: 

[151 {a-c)3 

The procedure for acetylation of diols is given in section 
1,8. The spectral analysis of diacetates are given below: 

Dlaoetate 151a 



Yield 79% 

A thick liquid 

IR spectrum (neat) • 1735 (-O-CO-CH^) cm ^ 

NMR spectrum (CCl^): ^ 5.88 - 5,3(2H, m, - CE> -CEOAC) , 
4.26-3.8(2H, m, -CEgOAc) 2,6-1 (12H, m, allylic and 
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other methylenes and two -O-CO-CB3 methyl peaks at S 2, OB 
1.97) 

Mass spectrum (m/z): 152 (M'^'-CH^COOH) , 92 

[oc]p^^.(-) 39.04 (Cl, CHCI3) 

Anal. Calcd. for : C, 62.26; H, 7.56; Found: 

C, 63.02; H, 7.67% 


Diacetat© (161b^ 



Yield 60% 

A clear liquid 

IR spectrum (neat) • 1740 (-0-C0-CH,) cm~^ 

NMR spectrum (CCl^): S 5.75(1H, br. s, = CH) , 

5.15(1H, q, -CHOAc, J = 5 Hz) 4. 3-3. 75 (2H, m, -CHgOAc), 
2.26-1.3 (14H, m, methylenes and two-O-CO-CjH^ methyl peaks 
at 5 2.03 and 1,99) 

Mass spectrum (m/z): 166 (M'^-CHgCOOH) , 106 

[ ct ]j^25. 3g QQ CHCI3) 

Anal. Calcd. for: ^12^18^4* 7.96; Found: 

C, 63.23; H, 7.47% 


Diacetat© (151c^ 



Yield 78% 

A semi-viscous liquid 

IR spectrum (neat) : 1735 (-0-C0-CH,) cm~^ 

JiJ^X o 

NMR spectrum (CCl^) :^6.75(1H, t, = CH, J = 6 Ha), 

5. 3-5.0 (3H, m, -CH(OAc), CHgCOAc), 2.3-1.15{16H, m, allylic 
and other methylenes and two-O-CO-CB^ methyl peaks at 
5 2.03 and 1.95 also) 

Mass spectrum (ra/s): 240 (M"^), 180 (M'^-CHgCOOH) 

[ ocip^^: {-) 35.67 (Cl, CHClg) 

Anal. Calcd. for : C^gHgQO^: C, 65.00; H, 8.33; Found: C, 64.09; 

H, 9.01% 

1.15 Chiral vinyl Epoxide [152 (a-c)3 

Procedure for the synthesis of vinyl epoxide is given in the 
section 1.9. The characteristics of vinyl epoxides are given 
below. 

Qxirane-2-(cyclopent-l-ene) (152a} 



Yield 59% 

A clear liquid 

[Oc]p^^ : {-) 1.23 (Cl, CHClg) 

^H NMR spectrum (CCl^): ^ 5.74(1H, br. t, = CH~)> 3.3(1H, t, 

-CH-CHg, J =3 Ha), 2.83-1.6 (8H, m, methylenes of oxirane 
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and cyclopentane rings), 

Mass spectrum (m/z): 111 (M + 1 )"^, 110 (M"^) 

OxirajQe-2-(oFolohex-l-eno) (1521>) 



Yield 79% 

A colourless liquid 

[06]j| 26 . 4_64(ci, CHCI 3 ) 

NMR spectrum (CCl^): S 5.75(1H, br. t, =CH-), 3.15 (IH, t, 

-Cfl — CHg , J = 3 Hz), 2.73-2. 35(2H, m, CH—Cfig), 
2.3-0.75(8H, m, allylic and other methylenes) 

Mass spectrum (m/z): 125 (M+1)^, 124 (M^) 

Oxirane- 2 - ( oyclohept- 1 -ene ) Ql 52 q) 



Yield 82% 

A clear liquid 

[cx3p25 . ^_y 5_48(ci, CHCI 3 ) 

NMR spectrum (CCI 4 ) : ^ 5.83{1H, t, = CH> d = 6 Hz), 
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3.15(1H, q, -CH CHg , J = 2 Hz), 2. 76-1 . 16{ 12H, m, 

oxirane and cycloheptane ring methylenes) 

Mass spectrum (m/z): 139(M+1)'*', 138 (M"^) 


1.16 Determination of absolute configuration of vinyl epoxide 
(152b) 

To a suspension of LiAlH^ (2 equiv) in dry THF (3 ml) was 
slowly added a solution of 152b (248 mg: 2 mmol) in THF at 0- 
5*^C, The solution was allowed to stir for 4 hr at room 
temperature and then it was worked up following the general work 
up procedure for LiAlH^ reduction reaction (vide section 1.7). 
The crude product was purified by column chromatography (eluent: 
ether/petether: 5/95) to obtain pure 153. 

l-(Cyclobex-l-ene) ethanol (153) 


H 



Yield 70% 

A mobile liquid 

IR spectrum (neat) • 3400 (-0H) cm ^ 

^H NMR spectrum (CCl^): 6 5.52 (IH, br s, = Cfl) , 4.11 (IH, q, 
-CHOH, J = 6 Hz), 2.12-1.39 (9H, m, -OH and methylenes), 
1.22 (3H, d, -CH(CH 3 ), J = 6 Hz) 

: (-) 6.88 (Cl, GHCI 3 ) observed 
: (_) 9,8 (Cl, CHCI 3 ) Lit^^ 
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Acetylation of (-)(163^ 

The procedure followed for acetylation of 153 was same as 
described in section 1.12, 

Compound (154) 



Yield 90% 

A colourless oil 

IR spectrum (neat) = 1750 (-O-CO-CHg) cm~^ 

NMR spectrum (CCl^) : ^5.6 (IH, br s, = CH) , 4.96 (IH, q, 
-CH{0Ac), J = 7 Hz), 2.15-1.4 (IIH, m, four methylenes 
and a singlet at h 2.03 for -O-COQHg), 1.33 {3H, d, 
-CH(CB3 ), J = 7 Hz) 

(-) 14.355 (Cl, CHCI3) 
e.e (by using shift reagent): 50% 

1.17 General Procedure for the preparation of glyoidic esters: 
(181, 184, IBf. 

Glycidic ester 181 was prepared following the procedure (B). 

75 

Pi’ccedure (B) : In this procedure instead of sodium 

potassium was used. In a two neck round bottom flask fitted 
with a dropping funnel in its one neck the acetophenone (10 
mmol, l = 2g ) was charged with freshly distilled ethyl 


94 



chloroacetate (1.25 g, 10.2 mmol). A solution of 394 mg of 
potassium in 8,50 ml of dry t-butyl alcohol was introduced into 
the dropping funnel and the system was evacuated and filled with 
argon. The t-butoxide was dropped in over an hour with stirring, 
while the temperature was maintained at 15-20'^C by cooling the 
flask with an ice water bath. After the addition was completed 
the mixture was stirred for additional 5 hr, at room temperature. 
Most of the t-butyl alcohol was removed at reduced pressure and 
the residue was taken up in ether. The ether solution was 
washed with water, followed by brine solution and finally dried 
over anhydrous sodium sulfate. After removal of ether at rotary 
evaporator, the crude product was purified by Kugelrhor 
distillation or by column chromatography . 

Glycidic esters 184 and 187 were synthesised by following 
procedure (A) as mentioned in section 1.5, 

Ethyl- 3- phenyl- 2,3-epoxy butanoate =(181^ 



Yield 60% 

A light yellow coloured oil 

b.p -• 105^0/ 5 mm (Lit*^^ 111-114^0/ 3 mm) 

IR spectrum (neat) = 1730, 1750 (glycidic, -COOEt) cm 

NMR spectrum (CCl^): <S 7.15(5H, s, aromatic protons). 
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4.25 and 3.69 (2H total two q, J= 7 Hz and J = 6.6 Hz 
respectively (relative areas, ca. 1 : 1 ) -O-CHg-CHg) , 

3.45 and 3.24 (IH, two m, >C Cfl-, J = 6 Hz), 

1.66 and 1.41 (3H, two s, -(H^OC — -CH-), 

1.29 and 0.86 (two t, J =7 and J = 6.5 Hz respectively, 
(relative areas ca. 1 : 1 ) -O-CHgCH^) 

Ethyl-3-aiethyl-2, 3-epoxy butanoate : (184) 



Yield 52% 

A clear liquid 

b.p : 90^C/30 mm (Lit'^’^ 163-168^0/760 mm) 

IR spectrum (neat) * 1730, 1755 (glycidic, - COOEt) cm ^ 

^H NMR spectrum (CCl^): S4.12(2H, q, -OCH 2 CH 3 , J = 7 Hz), 

3.09(1H, s, >0— ca-), 1.36 and 1.3(3H, two s, E^C-C-CH^) 
1.15(.3H, t, -OCH 2 -CE 3 ) • 

Ethyl-3-ethyl-2.3-epoxy pentanoate : (187) 




COOEt 
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Yield 48% 

Colourless thick oil 

IR spectrum (neat) 0 3500, 1720 ( -OH, -COOEt) cm"^ 

NMR spectrum (CCl^) : <5 7,03(5H, s, aromatic protons), 

5.15{2H, s, =CH-), 4.69(1H, br. s, - CflOH), 

3.95(2H, q, -O-CH2-CH3), 3.00 (IH, br. s, -OH), 

1.01 (3H, t, -0CH2-CB;^) 

Mass spectrum (m/z): 206 (M'*’), 133 (M'*'-C02Et) 

Ethyl-2-hyd[roxy-3-iBethFl-3-butenoate : (186j) 


COOEt 


Yield 35% 

Labile liquid with no colour 

b.p : 70®C/10 mm (Lit*^^ 68-69^C/10 mm) 

IR spectrum (neat) ^ (3460, 1730) (-0H, -COOEt) cm ^ 

NMR spectrum (CCl^): 65.2-4.7(2H, m, =CH-), 

4.5 (IH, s, -CaOH,), 4.13 (2H, q, -OCHgCHg, J = 7 Hz), 

3.18 (IH. br, s, -Ofl), 1.63 (3H, m, =0(0113) 

1.25 (3H, t, -OCH2CjB3) 

Mass spectrum (m/z): 145 (M+1)^, 71 (M^-COgEt) 
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Ethyl-a-ethyl— 2-hydroxy-3-pent«noate : (188^ 


Yield 50% 

Freely moving liquid 
b.p : 83^C/6 mm (Lit^^’ 80-81^C/5 mm) 

IR spectrum (neat) S) : 3500, 1715 (-OH, -COOEt) cra~^ 

iJjQX 

NMR spectrum (CCl^): 5 5.35(1H, br, q, =CH-, J = 5.7 Hz), 

4.82 and 4.28(1H, broadened singlets, relative area ca 2.1, 
>CB0H), 4.03(2H, q, -OCBgCHg, J = 7 Hz), 

3.33 (IH, brd, -OB), 1.92(2H, t, CHg-CHg-C = CH, J = 7 Hz). 
1,59 and 1.53 (3H, 2d, relative areas oa. 2 : 1 ,B 3 C-C=) 
1.20(3H, t, Cflg-CHg-C = CH, J = 7 Hz), 0.90(3H, t, 

-OCH 2 CB 3 , J = 7 Hz), 

Mass spectrum (m/z): 171 (H^), 98 (M^-COgEt) 

1.19 Acetylation of ^ - hydroxy - /3,y -unsaturated esters 
[119 (a-e). 182, 185, 188] 

A mixture of hydroxy compound (0.5 mmol), acetic anhydride 

(204 rag; 2 mmol) and 0.05 ml of anhydrous pyridine was taken in 5 

ml dry dichloromethane. This reaction mixture was stirred at 

room temperature for 20 hr. It was then extracted with ether 

(3x15 ml) and the combined ether layer was washed with 5% HCl (5 

ml), water ( 2 x 5 ml), brine ( 10 ml) and dried over anhydrous 

Nar-SO,. Removal of the solvent gave a crude product which was 
z 4 


:>r 


COOEt 


99 



purified by column chromatography [eluent-' petroleum ether (60 
80*^0); ethyl acetate (95:5)] 

°^-AoetoxF - y9, ir - unsaturated eaters 


Compound : (177) 


OAc 


COOEt 


A mobile liquid 
Yield 82% 

IR spectrum (neat) : 1750, 1740(-0-C0CHo , -COOEt) cm~^ 

NMR spectrum (CCl^): §5.75(1H, br. s, = Cfi-), 

5.35(1H, s, -CHOAc), 4.15(2H, q, -OCH 2 CH 3 , J = 7 Hz) 
2.3-1.7(9H, m, allylic and other methylenes and 

peak at <5 1.95), 1.15(.3H, t, -OCH 2 CE 3 ) 

Mass spectrum (m/z): 212 ( M^), 153 (M^-59), 43 

Anal. Calcd. for: C, 62.26; H, 7.54; Found: C, 62.5; 

H, 7.64% 

Compound : (178j) 
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A clear liquid 
Yield 82% 

IR apectrum (neat) ; 1740 (-O-g-CHg , -COOEt) cm~^ 

NMR spectrum (CCl^): S5.78(1H, br. s, = CH-). 

5.15(1H, br, s, -CHOAc), 4.25(2H, q, -OCH 2 -CH 3 ), 

J = 7 Hz), 2.5-2.2(4H, m, allylic methylenes), 

2.2-1.2(7H, ra, other methylenes with a singlet 
of O-CO-CB 3 ^ 2.15 and a triplet of -O-CHgOH^ at S 1,15) 
Mass spectrum (m/z): 226( M"^), 167 (M'*'-59), 43 

Anal. Calcd, for: ^12^18*^4' 83.72; H, 7.96; Found: C, 63.5; 

H, 7.66% 


Compound : (179) 



Yield 92% 

A clear liquid 

IR spectrum (neat) : 1750-1740 {-COOEt, -0C-CH~) cm“^ 

n)oX M o 

NMR spectrum (CCl^): <S 6.08(1H, t, = CH-), 

5.15(1H, s, -CHOAc), 4.14(2H, q, -OCHgCH^ , J = 7 Hz), 

2, 35-1 , 15( 13H, ra, allylic and other methylenes with a methyl 
singlet of -O-CO-CH 3 at 6 2.08 and a methyl triplet of 
-O-CHgCHg at <Sl.3) 

Mass spectrum (m/z) 240 (M^), 181 (M^-59), 43 
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Anal. Calcd. for: C, 65.05; H, 8.3; 

H, 8.12% 


Found: C, 65.21; 


Compound : (180) 




QAc 

COOEt 


Yield 75% 

Vi,5cous liquid 

IR spectrum (neat) : 1740- 1720 (-COOEt, -O-g-CHg) cm'^ 

NMR spectrum (CCl^) : S7.15(5H, s, aromatic protons), 

5.85(1H, br. s, = Cfl-), 5.09(1H, s, -CHOAc), 

4.03(2H, q, -O-CHgCHg), 2.6-1.06(13H, m, allylic and other 
methylenes with acetoxy (-O-CO-CE^) singlet at S2,04 and 
methyl triplet of -O-CHgCB^ at 5 1.24) 

Mass spectrum (m/z) : 302( M"^), 243 (M'^-59), 198, 155, 104, 43 
Anal. Calcd. for: C^gH 2204 : C, 71.52; H, 7.28; Found: C, 71.71; 

H, 7.02% 

Compound : (183) 


Ph OAc 
^^COOEt 
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Yield 835^ 


Viscous liquid 


IR spectrum (neat) :1760 - 1740 {-O-COCH^, -COOCHgCH^) cm' 

NMR spectrum (CCl^): S7.12{5H, m, aromatic protons), 

5.54{2R, s, = CHg)^ 5.30 (IH, s,-CHOAc), 

3.91(2H, q, -OCHg-CH^), 2.03(3H, s, -O-g-CHg), 


1.03(3H, t, -OCH 2 -CB 3 ) 

Mass spectrum (m/z): 249 (M+l)'^, 207 [ (M'^+1 )-43] , 189 {M'^-59) 

Anal. Calcd, for : : C, 67.74; H, 6.45; 

Found: C, 67.66; H, 6.7% 


Compound : (186) 


OAc 

>y^C00Et 


Yield 80% 

Labile liquid 

b.p : 98^C/10 mm (Lit^*^ 95^C/10 mm) 

IR spectrum (neat) ‘ 1740 - 1730 (-COOEt, -O-CO-CH 3 ) cm 

NMR spectrum (CCl^): S 5.35(2H, s, = CHg), 

5.03-4.94(lH, ffl, -CaOAc), 4.15(2H, q, -OCHgCH^), 

2.15(3H, s, -O-CO-Cflg) 1.78(3H, s, CB 3 -C = CHg). 

1.36(3H, t, -OCH 2 CB 3 ) 

Mass spectrum (m/z) :186(M^), 143 (M -43), 127 (M -59) 

Anal. Calcd. for: C, 58.06; H, 7.52; Found: C, 58.5; 

H, 7.6% 





Compound 


: (189J) 



Yield 75% 

A freely moving liquid 

IR specti'um (neat) : 1745 - 1735 (-COOEt, -O-CO-CHn) 

NMR spectrum (CCl^): ^ 5.54(1H, q, = CH-). 

5.06, 5.03(1H, 2s, -CHOAc), 4.06{2H, q, -OCHgOHg) 

P.03(3H, S: -O-CO-CBg), 1.94(2H, m, >C=C-CH 2 -CH 3 ) , 

1.7, 1.63(3H, m, two vinylic methyl protons from two 
isomer Ca. 1:2), 1.21(3H, t, >C =C-CH 2 -CE 3 ), 0.84(.3H, t, -0-CH 

Ma.5s spectrum (m/z): 215 (M+1)’^, 173 C(M'^+l)-42] , 155 (M‘^-59) 

Anal. Calcd. for: : C, 61.68,- H, 8.41,- Found: C, 61.5; 

H, 8.6% 


1.20 Pig liver acetone powder (FLAP) 

This was prepared according to the procedure reported by 
Ohno et al,^^. 

Freshly purchased pig liver (500 g) was homogenised in 
chilled acetone (2 L) using kitchen juicer. The brown mass 
obtained after filtration was air dried at room temperature and 
powdered using grinder. Fibrous material was removed by sieving 
to furnish 100 g of FLAP as fine powder. This powder can be 
stored for 2-3 months in refrigerator without any significant 



loss of activity. 


General procedure 

FLAP catalysed hydrolysis®^ of racenic acetates 

To 0,5 M, pH 8.0 KHgPO^/KgHPO^ buffer (20 i»l), racemic 
acetate (500 mg) in ether (10 ml) was added with stirring at 10- 
15'^C. PLAP (600 mg) was added to it and stirring was continued. 
Progress of t?ie hydrolysis was monitored by TLC. Wlien an 
appropriate degree of hydrolysis was accomplished, the reaction 
was quenched with 2(N) HCl (5 ml) so that the pH of the reaction 
mixture was 6.5. To this, sodium chloride and ethyl acetate were 
added and the resulting suspension was vigorously stirred for 0,5 
hr. Then the enzyme was removed by filtration with suction and 
the layers were separated. The aqueous layer was extracted with 
ethyl acetate (3x20 ml) and the combined organic layer was 
washed with brine (10 ml), dried over anhydrous NagSO^ and 
concentrated. The crude liquid obtained was purified by column 
chromatography (eluent: 6% ethyl acetate in pet ether [60-80^C]) 
to get optically active alcohol and enantiomerically enriched 
unliydrolysed acetate. 

PLAP catalysed hydrolysis of (±) Ethyl-2-acetoxy-2-(l- 
cyclohexenyl) acetate (+ 178) 

Hydrolysis of racemic (178) (500 mg 2.21 mmol) with PLAP 
(600 mg) affoi’ded alcohol ( + ) 119b and unhydrolyzed acetate (-) 

178. 

Eeaction time 72 hr. 
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Yield of (+) alcohol : 185 mg (81%) 

: ( + ) 35.563 (Cl, CHCI 3 ) 

e . e •• 90% 

Yield of recovered acetate 285 mg 
[oc3p^^ : (-) 28.473 (Cl, CHCI 3 ) 
e.e : 54% 

Both alcohol ( + ) 119b and acetate (-) 178 have IR, NMR data 
identical with that of the corresponding racemic compound. 

PLAP-Catalyeed hydrolysis of (+) Ethyl-2-aoetoxy-2-{l 
oyolopentenyl) acetate (177) 

Hydrolysis of racemic (+) 177 (400 mg, 1.88 mmol) with FLAP 
(480 mg) afforded alcohol (+) 119a and unhydrolysed acetate (-) 

177 . 

Reaction time: 64 hr 

Yield of (+) alcohol: 75 mg (47%) 

: ( + ) 29.016 (Cl, CHCI 3 ) 
e.e : 82% 

Yield of (-) acetate: 250 mg 
[cv:]p25 . 28.475 (Cl, CHClg) 

e.e : 44% 

Both alcohol ( + ) 119a and acetate (-) 177 have IR, NMR data 
identical with that of the corresponding racemic compound. 

PLAP-Catalysed hydrolysis of (±) Ethyl-2-aoetoxy-2-(l- 
oyoloheptesyl) acetate (179) 

Hydrolysis of racemic (i)179 (480 mg, 2 mmol) with FLAP (576 mg) 
afforded alcohol (+) 119o and unhydrolysed acetate (-) 179. 



Reaction tim« • 75 hr 

Yield of {+) alcohol : 70 ng [3h%) 

[oc]p^^ : (■»-) 108.14 [Cl. CHCI3] 

e.e : 80% 

Yield of (-> ace-ta-be : 250 mg 

: (-) 82.56 [Cl, CHCI3) 

e.e : 34% 

Both alcohol (■*■) 119o and acetate (-) 179 have IR, NMR data 
identical wit-h that of the corresponding racemic compound. 

PLAP-oatalro®<l hydrolysie of (+) Ethyl“2-aoetoxF-2 {4 phonyl-1- 
cyclohoxonyll acetate (180) 

Hydrolysis of (±) 180 (800 mg, 2.64 mmol) with FLAP (960 mg) 
afforded alcohol (-) 119e and unhydrolysed acetate ( + ) 180. 
Reaction tiino • 70 hr 

Yield of (-) alcohol: 100 mg (29%) 

[ot]^25 . 7.8554 [Cl, CHCI33 

e.e : 69% 

Yield of (-*-) acetate: 543 mg 
[cc]p25 : C*) 9-7419 

e . 6 • 6 3% 

Both alcohol (") 119« and acetate ( + ) 180 have IR, NMR 
identical with that of the corresponding racemic compound. 


data 


PLAP-oatalyeed hydrolyais of (1) Ethyl -2-aoetoxF-3-phenyl“ but-3- 
enoata (183) 

Hydrolysis of racemic ( + ) 183 (400 mg, 1.61 mmol) with FLAP (480 
mg) afforded alcohol { + ) 182 and unhydrolysed acetate {-) 183. 
Reaction time : 74 hr 
Yield of (+) alcohol: 60 mg (36%) 

[06]^^^ : ( + ) 6.69 [Cl, CHCI3I 
e.e : 65% 

Yield of (-) recovered acetate: 160 mg 
[oc : (-) 8.79 [Cl, CHCI3] 

e.e : 20% 

Both alcohol ( + ) 182 and acetate (-) 183 have IR, NMR data 
identical with that of the corresponding racemic compound. 

FLAP catalysed hydrolysis of (+) Ethyl-2-aoetoxy-3 methyl -but-3 
enoate (186) 

Hydrolysis of ( + ) 186 (462 mg, 2.48 mmol) with FLAP (555 mg) 

afforded only unhydrolysed acetate (-) 186. 

Reaction time : 70 hr 
Yield of (-) acetate : 187 mg 

[oc]p25 : (_) 15.033 (Cl, CHCI3) 
e.e : 40% 

The acetate (-) 186 has IR, NMR data identical with that of 
the corresponding racemic compound. 

FLAP catalysed hydrolysis of (±) lthyl-2 aoetoxy-3 ethyl- Pent-3- 
enoate (189) 

Hydrolysis of ( + ) 189 (560 mg, 2.61 mmol) by FLAP (675 mg) 



afforded unhydrolysed acetate (-) 189. 

Reaction time : 85 hr 
Yield of (-) acetate : 300 mg 

20.890 (Cl, CHCI 3 ) 

e.e 29% 

The acetate (-) 188 has IR, NMR data identical with that of 
the corresponding racemic compound. 

1.21 General procedure for the determination of enantionerio 
Purity^ via Mosher’s ester 

Mosher’s ester of (±) alcohol: 

To a solution of (+) alcohol (0.09 mmol) and pyridine (0.05 ml), 
DMAP ( 5 mg ) was added and stirred for 15 min. To this, a 

solution of (+) methoxy- ®C- (trifluoromethyl) phenyl acetyl 
chloride (MTPACL) (0.1 mmol) in dichloromethane (1 ml) was added 
and the mixture was stirred for 24 hr. It was then poured into 
cold 3N HCl (5 ml) and extracted with ether (3x10 ml). The ether 
layer was washed with saturated NaHCOg, water (2x5 ml), brine (6 
ml) and dried over anhydrous NagSO^ . Removal of solvent followed 
by quick purification on column (SiOg) [(7% ethyl acetate in 
(60-80*^0 petroleum ether] of the residue afforded pure Mosher’s 
ester. 

Mosdier’s ester of (+) alcohol 

Mosher’s ester of { + ) alcohol was prepared from ( + ) MTPACl and 
the corresponding alcohol following the same procedure as 
described for Mosher’s ester of (±) alcohol. 


mo 



Th© spectral properties of the Mosher’s ester prepared by this 
procedure are the following: 

Mosher’s ester of (+) (119b) 

A viscous liquid 

NMR (CDClg) : (S 7.7-7.2(6H, jn, aromatic protons), 

5.9-5.8(lH, 2s, = Ca-), 5.35 and 5.33 (IH, 2s -CHCOgEt), 
4.2(2H, m, -COOCflgCHg), 3.62 and 3.52 (3H, 2s, Ca. 1:1), 

-C(Ph)OCao) 

6f3 

1.8-1.0(9H, m, allylic and other methylenes and methyl 
triplet of -OCHgCEg) 

Two distinct singlets of almost equal intigration appeared at 
63.62 and ^3.52 duo to -OMe protons indicating that the 
compound is a 50.50 mixture of two di aster eomers. 

Mosher’s ester of (-*-) (119a) 

A clear liquid 

NMR (CDClg) : The NMR spectrum of this compoimd contains 

two singlet at <?3.6583 and 63.5639 with a intensity ratio 
3.388: 33.706 establishing the enantiomeric purity of 

{+) llBa is 82% 

MosAker’s ester of (+} (119b) 

A viscous liquid 

NMR (CDClg): The NMR spectrum of this compound contains 

two singlet at S 3.6375 and at 6 3.5380 with a intensity 
ratio 5 : 95 establishing the enantiomeric purity of 
(+) 119b is 90% 



Hosber’s ester of (+) (llBc) 

A viscous liquid 

NMR (CDClg) ; The NMR spectrum of this compound contains 
two singlet at 5 3.6583 and at S 3.5639 with a intensity 
ratio 1.7: 15.9 establishing the enantiomeric purity 803». 

Mosher’s ester of (+) (H9e^ 

A thick liquid 

NMR (CDClg) : The NMR spectrum of this compound contains 

two singlet at 5 3,69 and at S 3.42 with a intensity ratio 
6.5 : 1 establishing the enantiomeric purity 69%. 

Mosher’s ester of (+) Cl 82) 

A thick liquid 

NMR (CDClg) : The NMR spectrum of this compound contains 

two singlets at S 3.685 and at 5 3.615 with a intensity 
ratio 9.5: 2 indicating the enantiomeric purity 65%. 

1.22 DetendnatloB of enaatioserlc excess of (±) end (-) 
acetates 

The NMR (400 MHz) spectrum of Acetates (6 mg) were recorded in 

the presence of (+) Eu(hfc )2 (20 mg). 

The characteristics of spectra are give below. 

Compound (±) (178) 

The NMR spectrum of (±) 178 (6 mg) having two singlets at 
5 2.25 and S 2 .I 8 due to methyl protons of (-O-CO-CH 3 ) 
with an intensity ratio 1:1 clearly shows that the presence 



of two onantiomors in tho e^ual amount* 


CoBpound {-)(177) 

The NMR spectrum of {-) 177 (5 mg) having two distinct 

singlets at & 2.20 and i2.17 due to methyl protons of 
-OCO-CHg with an intensity ratio of 72 : 28 shows that 
the optical purity of the chiral acetate is of 44 %. 

Compound (-) (178) 

The NMR spectrum of (-) 178 { 5 mg) having two singlets at 

S 2.25 and S 2.1 due to methyl protons of (-OCO-CHg) with 
an intensity ratio of 3.37: 1 shows that the optical 
purity of the chiral compound is of 54%. 

Compound (-) (179) 

The NMR spectrum of (-) 179 (5 mg) having two distincts 
singlets at 6 2.28 and 5 2. 13 due to methyl protons of 
(-O-CO-CHg) with an intensity ratio of 2.03s 1 shows 
that the optical purity of the chiral acetate is of 34%. 

Compound (t) (180) 

The NMR spectrum of ( + ) 180 with two singlets due to the 
methyl protons of (-O-CO-CH^) at 5 2 . 6 and ^2.42 having 
an intensity ratio of 6,5: 2 clearly shows that the optical 
purity of the chiral acetate is of 53%. 

Compound {-) (183) 

Tlie NMR spectrum of {-) 183 with two singlets due to the 

methyl protons of (-O-CO-CH 3 ) at 62.44 and 62,46 having an 
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intensity ratio of 40 : 60 Indicates its enantiomeric purity 

20 %. 

Coapoond (-) (186) 

The NMR spectrum of {-) 186 with two singlets due to the 

methyl protons of {-O-CO-CH 3 ) ^2.502 and 62.606 having 

an intensity ratio of 70 : 30 indicates its enantiomeric 
purity 40%. 

Ccapoimd (-) (189) 

The NMR spectrum of (-) 189 with two singlets due to the 

methyl protons of (-O-CO-CH 3 ) at 62.49 and 62.4 having 
an intensity ratio of 1; 1.83 indicates its enantiomeric 
purity 29%. 

1.23 Eyntbesis of chiral vinyl epoxido 

1.23.1 LiAlH^ reduction of (4) (119b) 

Procedure: 1 mmol of { + ) 119b was reduced with LiAlH^ following 
the same procedure as described in section 1.7. 

Yield of the diol (+) 160b : 50% 

Other physical properties of the diol ( + ) 160b are same as 

described in section 1.13 for {-) 160b. 

1.23.2 Epoxidatlon of (•f^Kl60b) 

Procedure : 1 mmol chiral diol (+) 160b was converted to chiral 

vinyl epoxide ( + ) 162b following the same procedure as 

described in section 1.9. 
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Yield : 72% 

: ( + ) 3.226 (Cl, CBCI 3 ) 

Other physical properties are sane as given in section 1.9 for 
{+) 122b. 

1.23.3 BebezsiAablon of absolute configuration of cblral vinyl 
epoxide (4)(l52b) 

Procedure: 0.5 nmol of chiral vinyl epoxide ( + ) 162b was reduced 

with LiAlH^ following the same procedure as described in section 
1.16. 

Coapound j(+) 16^ 

H 

3 



Yield : 65% 

A mobile liquid 

[oc]25^ : { + ) 12.15 (Cl, CHClg) 

[oc]2^jj : (-) 9.8 (Cl, CHCI 3 ) Lit^^ 
e . e : 90% 

IR and NMR are same as written in section 1.16 
So the absolute configuration of ( + ) 163 is R 


1.23.4 Acetylatioo of (+) 163; (164) 

Yield : 85% 

[oc 3^5^ . 27.433 (Cl, CHClg) 
e.e : 90% (by using shift reagent) 
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Spectroscopic details are same as described in Section 1.16. 

1.24 FLAP catalysed liydrolysis of l-(Cycloihax-l-ana)-1.2- 
dlaoetoxy athane (121b) 

452 mg {2 mmol) of 121b was hydrolysed with 550 mg FLAP following 

80 

the same procedure as detailed in Section 1.20. 

Four chiral compounds were isolated whose physical 
properties are given below. 

l-(Cyclobex-l-en©)-l,2-diao©to*y ethane: (-) (121b) 

A colourless viscous liquid 
Yield : 67% 

[Oc]2&^ ; (-) 8.2562 

% NMR , IR and Mass spectrum are same as is given in 
Section 1.8. 

l-(C!yclohe*-l-ene)-2-aceto«y-ethanol: (-) (180) 

OAc 



An oily liquid 
Yield : 12% 

IR spectrum (neat) (3445, 1730) cm ^ (-0H,-C0C®t) 

NMR spectrum (CCl^) : & 5. 55(1H, br.s, =Ca-), 3,9{3H, m, -CHOH-OIigOAcj 
2.7(1H, br.s, -CH-QH), 2.1-1.3{11H, m, allylic and other 
methylenes with the methyl singlet of the -0- CO- Cfig group 
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centred at Si. 96. 

: (-) 13.95 (Cl, CHCI3) 

Mass spectrum (m/a): 186 (M+2), 184 (M'*'), 168 {M+2-H2O) 

2-(Cyololiex-l-«ne)-2-ao«tojar-l-othftBol! (-) (191) 



An oily liquid 
Yield : 7% 

IR spectrum (neat) "O '. (3440, 1725) (-0H,-C00Et) cm~^ 

JijaiJl 

NMR spectrum (CCl^): S5.6(1H, br.s, = Cfl-), 6(1H, t, 

-CaOAc-CHgOH), 3.5(2H, d, -CHOAc-CHgOH) , 2.15- 1.45(11H, m, 
allylic and other methylenes with an methyl peak of -OCO-Cflg 
centred at S 2.06 

: (-) 25.952 (Cl, CHClg) 

Mass spectrum (m/z): 184 (M^), 167 (M+1-H«0), 125 (M^-O-C-CH.,) 

l-{Cycloliex-l-«ne)-l-( ^-hydroxy-ethanol; |{+) 1923 
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A viscous liquid 
Yield : 7.04% 

: ( + ) 25.939 (Cl. CHClg) 

IR, NMR and Mass spectrum are same as described in Section 1.7 


117 



HEi Kjaaimtt? 


1. S. Winstein, R.B. Henderson, in Heterocyclic Compounds, R.C, 
Elderfield, Ed., Vol. 1, John Wiley & Sons, New York, 1950, 

p. 1 - 60 . 

2. R.E. Parker, N.S. Isacs, Chem. Rev. 1959 , 737. 

3. A. Rosowsky, Heterocyclic Compounds with Three- and Four- 
Membered Rings, Part I, A. Weissberger, Ed., John Wiley & 
Sons, New York, 1964, p, 1-623. 

4- M.S. Malinovskii, Epoxides and Their Derivatives, Israel 
Program for Scientific Translations, Jerusalem, 1965. 

5. M. Bart ok, K.L. Lang, in The Chemistry of Ethers, Crown 

Ethers, Hydroxyl Groups and their Sulfur Analogues, Part I, 
Supplement E.S. Patai, Ed., John Wiley & Sons, New York, 
1980, p. 609-682. 

6. M. Korach, D.R. Nielsen, W.H. Rideout, Org. Synth. 42 , 50 

(1962). 

7. D.A. Evans, T.C. Crawford, T.T. Fujimoto, R.C. Thomas, J. 
Org. Chem. 39 , 3176 C1974). 

8. Y. Guidon, R.N. Young, R.Frenette, Synth Commun. 11 , 391 

(1981). 

9. A. Yasuda, M. Takahashi, H. Takaya, Tetrahedron Lett- 22 , 

2413 (1981). 

10. E.J. Corey et al., J- Am. Chem. Soc. 102, 1436 (1980). 

11. 0. Fujimura, K. Takai, and K. Dtimoto, J. Org. Chem. 65. 

1705 (1990). 


118 



12. G. A. Molander, B. E. La Belle, and G. Hahn, Ibid, 51, 
6259 (1986). 

13. G. FEONZA, C. FUGANTI, H.-I. HOGBERG, G. PEDROCCHI-FANTONI, 
and S. SERVI, Chem. Lett., 1988, 385. 

14. G. Stork, Y. Kobayashi, T. Suzuki, and K. Zhao. J. Am. 

Chem. Boc. 112, 1661 (1990). 

15. K.C. Nicolaou, C.V.C. Prasad, P.K. Somers and C.K. Hwanff, 
Ibid. Ill, 5335 (1989). 

16. R-J. Anderson, Ibid, 92, 4978 (1970). 

17. R.W. Herr, C.R. Johnson, Ibid, 92, 4979 (1970). 

18. C. Cahies, A. Alexakis, J.F. Normant, Synthesis, 1978, 628, 

19. J.P. Marino and D.H. Floyd. Tetrahedron Lett. 1979, 675. 

20. J. Staroscik, B. Rickborn, J. Am. Chem. Soc. 93, 3046 

(1971). 

21. D.M. Wieland, C.R. Johnson, Ibid, 93, 3047 (1971). 

22. F. E. Ziea^ler and M. A. Cady, J. Org. Chem. 46, 122 (1981). 

23. J.P. Marino, N. Hatanaka, Ibid, 44 , 4467, (1979). 

24. J.P. Marino, H. Abe, Synthesis, 1980, 872. 

25. J.P. Marino, Hiroyuki Abe, J. Am. Chem. Soc. 103, 2907 

(1981). 

26. R.W. Freedman, E.I. Becker, J. Org. Chem- 16, 1701 (1951). 

27. Y. Naruta and K. Maruyama, Chem. Lett., 1987, 963, 

28. T. Tsuda, M, Tokai, T. Ishida and T. Saegusa, J. Org. 
Chem., 51, 5216 (1986), 

29. B,M. Trost and A. Tenaglia, Tetrahedron Letters, 29, 

2931 (1988). 

30. B.M. Trost and A. R. Sudhakar, J. Am. Chem, Soc., 109, 

3792 (1987). 

119 



31. B.M. Trost and A. R. Sudhakar, Ibid, 110, 7633 (1988). 

32. Y. Ichinose, K. Oahima and K. Utimoto, Chem. Lett., 1688, 
1437. 

33. K.S. Feldman and T. E. Fiaher, Tetrahedron, 46, 2969 (1989). 

34. T. Hudlicky, A. Fleming and T.C. Lovelace, Ibid, 46, 3021 

(1989). 

35. R. W. Batea, R. Fernandez - Moro and S. V. Ley, Ibid, 47, 
9929 (1991). 

36. M. Korach, D.R. Nielsen and ^.H. Rideout, J. Am. Chem. Soc., 
82. 4328 (1960). 

37. J.K. Crandall, D.B. Banka, R.A. Colyer, R.J. Watkins and 
J.P. Arrington, J. Org. Chem., 33, 423 (1968). 

38. A. Teruao, S. Manabu, S. Yasuyuki, N. Yutaka, Nippon 
Kagaku Kaishi, 1872, 359. 

39. J.-E. Backvall, S. K. Juntunen, J. Org. Chem., 63, 2398 
(1988). 

40. C. Najera, M. Yus, U. Karlsson, A. Gogoll and J.-E. 
Backvall, Tetrahedron Lett., 31, 4199 (1990). 

41(i) S. Jean, B. Herve, H. Jean, C.R. Acad. Sci. Ser. C, 273, 
829 (1971). 

41(ii) J.C. Pommelet, N. Manisse, J. Chuche, Tetrahedron, 28, 
3929 (1972). 

41(iii) T. Harada, E. Akiba and A. Oku, J. Am. Chem. Soc., 106, 
2771 (1983). 

42(i) E. J. Reist, I- G. Junga and B.R. Baker, J. Org. Chem., 
26, 1673 (1960). 


120 



42(ii) P. M. Savu and J. A. Katzanellenbo^en, J. Ora. Chein. 46 , 
239 (1981). 

42(iii) R. C. Cookson and R. L. Crumbie, Tetrahedron Lett., 26, 
3377 (1986). 

42(iv) J. Auge, Ibid., 29 , 6107 (1988). 

42(v) B. Sato, I. Matsuda and Y. Izumi, J. Organomet. Chem. , 359, 
255 (1989). 

43- 0. Kitagawa, T. Hanano, T. Hirata, T. Inoue and T, Taguchi, 

Tetrahedron Lett., 33 , 1299 (1992). 

44. J. C. Paladini, C. Josselin, Bull. Boc. Chim. Fr. , 1974 , 

187. 

45. K. Tanaka, H. Yoda and A- Kadi, Tetrahedron Lett-, 26 , 4751 
(1985). 

46. A. Takeda, B. Tsuboi, T. Moriwake and E. Hirata, Bull. 
Chem. Boc. Jap., 46 , 3685 (1972). 

47(i) R. W. LaRochelle, B. M. Trost and L. Krepski, J. Org, Ohem. , 
36 , 1126 (1971). 

47(ii) B- Heinz, H- Gerhard, K. Guenter, Tetrahedron Lett., 14 , 
4033 (1973). 

47(iii) M. Rosenberger and C. Heukon, J- Am. Chem. Boc., 102, 
6426 (1980). 

47 (iv) Y- Ikeda, K. Furuta, N- Meguriya, N. Ikeda and H. 

Yamamoto, J. Am, Chem. Boc., 104 , 7663 (1982). 

47(y) S. P. Tanis, M, C, McMillis and P. M. Herrinton, J. Org. 
Chem., 50 , 5887 (1985). 

48(i) A. Osuka and H. Buzuki, Tetrahedron Lett-, 24 , 5109 

(1983). 


121 



48(ii) Z.-L. Zhou, L.-L. Shi and Y.-Z. Huang, Ibid., 31, 7667 
(1990). 

49(i) P. Willy, B. Pierre, K. Alain, Angew. Chea. , 86 , 308 
(1974). 

49(ii) D. Van. Ende and A. Krief, Tetrahedron Lett., 17 , 457 
(1976). 

50(i) W. C. Still and V. J. Novack, J. Am. Chem. Boc. , 103, 1283 

(1981). 

60(li) y. Shen, Q. Liao and L. Qiu, J- Chem. Boc. Chem. Commun., 

1988 , 1309. 

50(iii) J- D. Hsi and M. Koreeda, J. Org. Chem., 64 , 3229 (1989). 
51, vT.C. Paladini, C. Josselin, Bull. Soc. Chim. Fr., 1974 , 

192. 

52(i) A.S. Rao, 6.K. Paknikar and J.G. Kirtane, Tetrahedron, 39 , 
2323 (1983). 

62(ii)J.G. Smith Synthesis 1984 629. 

63. Y.D. Vankar, N.C. Chaudhuri, P.S. Vankar, J. Chem, Res., 

1989 , 178. 

54. J. C. Lunt and K, Sondheimer, J. Chem. Boc. , 1960 , 2957. 

55. B.C. Hartman and B. Rickborn, J. Org. Chem., 37 , 943 (1972). 

56. T. Katsuki, K.B. Sharpless, J. Am. Chem. Soc. 102, 5975, 

(1980). 

57. A.J. Mancuso, D. Bwern, Synthesis 1981 , 165. 

68. L. Horner, H. Hoffmann and H. G. Wippel Chem. Ber. 91 , 61 
(1958). 

59 W. S. Wadsworth Jr. and W.B. Emmons, J. Am. Chem. Boc., 83 , 
1733 (1961). 


122 



60. S. V. Ley, A. Armstrong, D. D. Martin, M, J. Ford. P. Grice, 
J. G. Knight, H.C. Kolb, A. Madin, C.A. Marby, S. Mukherjee, 
A, N. Shaw, A. M, Z. Slawin, 6. Vile, A.D. White, D.J, 
Williams, and M. Woods, J, Chem. Soc. Perkin Trans. 1, 
1991 , 667. 

61. J- Auge and G. Bourleaux, J. Organomet Chem., 377 , 20B 

1989. 

62. S.K. Balani, D.R. Boyd, E.S. Cassidy, R.M.E. Greene, K.M. 

McCombe and N.D. Sharma, Tetrahedron Lett., 22, 3277 

(1981). 

63. S. Terashima, N. Tanno and K. Koga, J. Chem. Soc. Chem- 
Commun. , 1980 , 1026, 

64. C.S. Chen, Y. Fujimoto, C.J. Bih, J. Am. Chem. Soc- , 103 , 

3580 (1981). 

65. Y.F. Wang, C.S. Chen, G. Girdaukas and C.J. Sih, Ibid., 106, 
3695 (1984). 

66. H.J. Gais and K.L. Lukas Angew Chem, Int. Bd. Engl., 23, 
142 (1984). 

67. M. Schneider, N, Engel, P. Honicke, G. Heinemann and H. 
Gorisch, Angew Chem, Int., Ed, Engl. 23, 67 (1984). 

68. P. Mohr, N. Waespe-Sarcevic, C. Tamm, K. Gawronska and J.K. 
Gawronski Helv, Chim. Acta, 66 , 2501 (1983). 

69. K. Adachi, S. Kobayashi and M, Ohno, Chimia, 40, 311 (1986). 

70. C.J. Francis and J.B. Jones, J. Chem. Soc. Chem. Comraun,, 
1984 , 579. 

71. B. Seebach and M. Eberle, Chimia, 41 , 315 (1986). 

72. M. Eberley, M, Egli, B. Seebach, Helv. Chim Acta, 71, 1 

(1988). 


123 



73. J.K. Whiteoell and R.M. Lawrence, Chimia, 40, 318 (1986). 

74. D. Basavaiah, P. Dharma Rao, Synth Cominun. , 20. 2945 (1990). 

75. W.S. Johnson, J.S. Belew, L. J. Chinn and R.H. Hunt, J. Amer. 
Chem. Boc., 76, 4995 (1953). 

76. C.F.H. Allen and J, Van Allan, Org. Syntheses, 24, 82 

(1944). 

77. G. Darzens, Compt rend., 139, 1214 (1904). 

78. B. Phillips, P.S. Starcher and D.L. Macpeek, British Patent 
863, 446 (1961). 

79. P. Yates and J, H. Boare, Can. J. Chem, 61, 519 (1983). 

80. D. Basavaiah, P. Rama Krishna, T.K. Bharathi, Tetrahedron 
Lett., 31, 4347 (1990). 


124 



CHAPTER II 

SYNTHESIS AND REACTIONS OF SOME 
USEFUL SULFUR CONTAINING SYNTHONS 



II. 1 nmwawcnoH 


Although organosulfur chejniflt.ry can h© traced bach to the 
very beginning of organic chemistry, the versatility of sulfur 
continues to lead to fascinating new chemistry- The existence of 
so many valence states of sulfur has generated selective and 
novel ways to effect oxidation, and carbon-carbon bond formation. 
The ability of sulfur to stabilise positive or negative charges 
on adjacent carbon has been especially important in the 
development of new ways to form carbon-carbon bonds. Sulfides, 
sulfoxides and sulfones all play an important role in those above 
mentioned reactions. Among these allyl and vinyl sulfides are 
specially noteworthy as they are having an added functional 
group, the olefinic bond. For these reasons they have proved to 
be extremely useful synthons and these properties continue to 
evolve new reactions and sequences which facilitate the design of 
the total synthesis of complex organic molecules. A brief 
literature survey dealing with the utility of such intermediates 
in organic synthesis has been discussed in the following few 
pages . 

Solvolysis of vinyl sulphides 1 yields a hemiacetal or O, S- 
acetal 3 formed through the carbocation 2 . The desired final 
products are acetals 5 (formed especially instead of free 
aldehydes in alcoholic solvents) or carbonyl compounds 4 (water) 
(Fig. 1). 
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But in the above mentioned hydrolysis the equilibrium lies far to 

the left- Therefore only irreversible removal of the solvolysis 

products can push it to the right This problem has been 

2 

circumvented by the use of transition metal salts such as HgClg i 
HgO^, Cu (II) salt^ and titanium (17) chloride^ (Fig. 2). 

Thioorganometallics have proved to be extremely useful 
reagents and they have been used extensively in synthesis over 
the past 20 years. Upon reaction with compounds bearing an 
electrophilic carbon atom, they allow the efficient formation of 
a new carbon-carbon bond to which the heteroatomic moiety is 
directly linked. The large variety of reactions possible through 
use of organosulfur reagents with subsequent selective removal of 
the heteroatomic moiety permits the synthesis of a large variety 
compounds , 
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Figure 2 
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Generally butyllithiums in THF have been used successfully 

C 

for the metallation of vinyl sulfides and the lithiated 
compounds react with the electrophiles to form various 

products. The synthetic utility of metallated vinyl sulphides 
is eunply available in the literature; a few of which are 
discussed here. ^ - Lithiovinyl sulphide is important ketone 
equivalent that gives (after alkylation and hydrolysis) ketone 
with alkyl halide 12, acyloin with aldehyde 14 and oc,j5- 
unsaturated ketone with epoxides 16, diketone with oc , tu - 
dihalide 18^ (Fig. 3). 
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PhCH(OH) COCH3 
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Figure 3 


H3C— C0(CH2)4 COCH3 
19 
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These metal lation reactions have some difficulties which are as 
follows. 


_ 

20 


r\ R^, R^= alkyl 


/ Base 


R 


1 


— 0^ 
H2C'^-fS 


5-R^ 


0 

Ik 


H S-r2 

H--H2C 22 


r’ /5-r2 

^ R^— C — C 

H-HoC^ 

23 


Figure 4 


The deprotonation sequence 20 > 22 is not very clear-cut 

as allylic protons, if present in 20, can be abstracted instead 
leading to the allylic anions, which can react in the ccor IT 
position (synthetic equivalent 24) of the heterosubstituents. 
Furthermore, the proton abstracting reagent may add to the 
thioenol ether’s double bond to give 23. But the different modes 
of reactions of 20 can be controlled to a large extent by varying 
the conditions- Thus reaction with sec-butyllithium leads to 
abstraction of an ” proton from thioenol ethers 20 “• > 22 

whereas treatment with lithium diisopropylamide tends to 
deprotonate an allylic carbon 20 21 (Fig. 4). 
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the 


1 , 3-Dienyl sulphide 25 has been selectively alkylated at 
^ - vinylic site by use of a strong metallating base 
such as Bu“ Li- Bu^OK® (Fig. B). 



28 29 

Figure 5 


Another example in which utility of oC— thiovinyl lithium 
compounds is demonstrated involves conversion of benaaldehyde 
into oC, p unsaturated ketones^. This is based on acid 
catalysed isomerisation of 1- (phenyl thio)vinyl lithium- aldehyde 
adduct 30 followed by oxidative desulphurisation (Fig. 6). 
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Compounds of the type 34 are useful synthetic equivalents^® 
of the enolate of oC- thiolated acetaldehydes 40 . Synthetic 
usefulness of these types of compounds is shown with an example 
in Fig. 7. 

1 -Metal lovinyl sulphides 42 can he methylated with methyl 
iodide also^^ and the corresponding ketone is obtained after 
hydrolysis Fig. 8. 
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Figure 7 
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Figure 8 


2-M©thoxy-3- phenylthio-1 , S-butadiene is a useful diene 4B, 

containing a vinyl sulfide moiety. This has been used in the 

normal orientations of Diels-Alder annelations that will 

compliment the regiochemistry obtainable with 2 oxygenated 

dienes. Its use permits a masked ketosulfide to be 

12 

introduced into ring system {Fig. 9). 
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H 58 

Figure 11 

Michael addition of methyl 3-lithio-2- methyl-3-phenylthio-2- 

propeonate 57 to the acrylate gives the functionalised 

cyclopentenone 68 while addition to aldehydes is followed 

14 

similarly by cyclisation to furan-2-ones 69 (Fig. 11). 

Thio substituted allylic anions 60 which react with 
electrophiles in the T- position, are potentially useful reagents 
because the products 61 of this coupling are derivatives of 
aldehydes or ketones- But the problem arises in directing the 
formation of 61 as a major product as there is an equal 
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probability of formation of 63 {Fiff. 12), Bo far tbaro aro no 
foolproof rules about how to control this ^ / IT ambiguity 
completely. However by varying different conditions oc or T 
selectivity could be achieved. 



M® 11 

60 R= Alkyl , Aryl 



H3C- S'^'^'<^C02CH3 
64 


IDA ,THF, HMPA^ 
-78°C , Mcl 



CO2CH3 
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Figure 12 
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15 

Kende et al were successful to get 100% f substituted 
adduct 65 from methyl X - methyl thiocrotonate 64 which has been 
shown to be a useful synthon for the synthesis of cyclohexenone 
66. acyl eye lopentenone 67, and a triene carboxylic acid 66 
derivative (Fig. 12). Lithium chelation^® with nitrogen in the 
case of thioallyllithium 70 at the ^ site exliibits a dramatic 
selectivity for -alkylations (Fig. 13). 



70(b) 



i OQ 



Furl/lidr work has rosultod in tliroe mor© possibilities tbrougb 
which the inherent reactivity of aetallated allyl sulfides 

has been converted to selective T - reactivity: (a) a 
thioallylic dianion is used (b) the oo and t positions are 
made equivalent (c) a 1, 3- shift is carried out after the ot - 
reaction . 

(a) Thus treatment of allyl mercaptan with two equivalents of 

butyllithium gives a dianion 74 , the 1 i thi Oder i vat ive of which 

reacts with electrophiles in the T position^ , while the 
1 8 

magnesium derivative combines with carbonyl compounds 
exclusively at the carbon atom next to sulfur and the product 
gives oxirane 81 on further reaction (Fig. 14). 



74 
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Transformation of the primary products to sulfur free 
compounds shows that the dianion can he synthetically applied as 
one of the building blocks 75 and 7B (Fig. 14), 

(b) If the two ends of the allylic anion are both 
heterosubstituted, it does not make any difference which end 
reacts. 1-Metallo-l, 3 di{thio)propene 82 plays the role of 
0 - metallo- oc, 3 -unsaturated aldehyde (-CH=C-CHO) (Fig. 16), 
has proved particularly useful for the synthesis of - alkoxy- 

- unsaturated aldehydes^^ They have been used in^®’^®- the 
neat synthesis of Prostaglandin Fgp^. 91 from a functionalized 
oxidocyclopentene derivative (Fig. 15), 

(c) Appropriate oC adducts can be rearranged to the X adducts 
by sigmatropic shifts. 

A special advantage is the fact that conversion of the 
alkylated allyl sulphide into the corresponding sulphoxide, 
followed by rearrangement, places an oxygen function on the 
carbon atom of the original allyl grouping. Nuciferol is 
synthesised by using this rearrangement (Fig. 16). 
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Figure 16 

The delocalised anion 60 is representative of the crucial 

intermediate in many applications of allyl sulphides in 

synthesis. Reactions between oC-thio allyl lithiums €md alkyl 

halides which usually proceeds predominantly via <X- oc {head- 

22 23 

to-head) coupling have proved to be valuable in synthesis 
They have been used successfully for exeunple in the synthesis of 

li 5- dienes such as squalene 106 » R - ( + ) “ 10, 11 

22 

epoxyfarn6sol . Hirai at al have syiithesised squalene froBj 

2-alkeneBylthiothia2oliiie lithium derivative 103 (Fig, 17). 


i AO 




Allylatlon of alkylthioallyl copper oompounda, generated in 
ether from alkylthioallylUthlum and Cul at -78®0 affords 
emoluslvely^* Y - y' (tall to tail) coupled produota, whereas 
alkylthlo allylic aluminium^^ completes, readily available from 
reaction of alkylthioallylUthlum compounds with trlalkyl 
aluminium, undergo regiocontrolled to tail) 
coupling with allylio halides^® 112 (fis- 1®'- 
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Figure 18 


Reactions between oC- thioallyl lithiums and epoxides have 
been used in a large number of important syntheses. Most of 
these reactions involve intramolecular reactions and the 
synthesis of macrocyclic terpenoids from trisubstituted 
epoxides (Fig, 19). 



Figure 19 



on OQ 

Metalloallyl vinyl sulfides and their ethoxy analogs 

jjave been selectively alkylated, benzylated and allylated at 

their " site and then the resulting compounds have been 

thermally rearranged [Claisen-Cope rearrangement: (3,3) 

sigmatropic shift] to y , S -unsaturated aldehydes or t - oxo 

29 

aldehydes on heating in aqueous DME. Yamamoto et al have 
synthesised ois-Jasmone 12B ( Fig. 20) using this 2-ethoxyanyl 
vinyl sulfide. 
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II. 2 Besultfl aikd Dlsoiutaion 

In the introduction part of this chapter iaportance of vinyl 

and allyl sulfides has been discussed by taking examples from the 

literature. Reductive and hydrolytic removal of sulfur as well 

as deprotonation of the allylic position, if available, of vinyl 

sulfides increases the importance of these compounds. 

Regioselective introduction of vinyl sulfide group eventually 

becomes important. Likewise allylic sulfides are also important 

intermediates where functional groups oc or Y to the sulfur 

could be introduced. Therefore, synthesis of vinyl and allyl 

sulfides with different functional groups could be important and 

if these compounds are obtained in optically pure form their 

usefulness would be further increased. With this view in mind we 

have chosen to explore the potential of two sets of sulfur 

containing synthons viz. 126 — > 129 (Fig. 21 and 22 ). These 

were so chosen so that they could be elaborated into useful 

intermediates. For converting these compounds into optically 

pure ones use of FLAP hydrolysis was explored. Synthesis of 126 

30 

and 127 were carried out according to literature procedure 
Thus, treatment of cyclopentanone with benzenesulphenyl chloride 
gave 126 in 60 % yield. Likewise 2-phenylthio-2-cyclohexenone 127 
was also prepared in 62 % yield. Structures of these compounds 
were confirmed on the basis of their spectral data (cf. sec 
1 1. 4). Reduction of 126 with NaBH^/CeClg . 7 H 2 O in methanol gave 
the corresponding allyl alcohol which was acetylated using acetic 
anhydride-pyridine to obtain 130 in 92 % yield. Its IR spectrum 
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Fltfure II. 2s H NMR spectrum (400 MHa) of {+) 133 


showed a strong peak at 1726 ( '^q_q) cm~^ and the NMR gave 

signals at S 1.87 (3H, s, “O-COCBj). 1.7-2. 7 {4H, m, allylic and 

other methylenes), 6.33-6.73 (IH, m, -CHOAc), 6.73-6.9 (IH, d, = 

CHj J = 3 Hz), 7.0-7.77 (6H, m, aromatic protons). In order to 

make further use of this compound we considered the possibility 

of enzyitiatic resolution of this racemic vinyl sulfide. The crude 

pig liver acetone powder (FLAP) based resolution as described in 

section 1.20, were attempted. The resolved alcohol 132 was 

obtained in 64% yield. The 400 MHz NMR spectrum of its 

Mosher’s ester showed it to be 96% enantiomerically pure. Its 

or 

rotation value was found to be jj = ( + ) 46.27 (Cl, CHClg). 

On the other hand the recovered acetate showed [^3 j) = (-) 

17. Alb (Cl, CHClg), which was found to have 63% enantiomeric 
excess. This was confirmed on the basis of its NMR spectral 
analysis in the presence of (+) Eu{hfc)g. 

Likewise compound 127 was also reduced by NaBH^/ CeCl2.7H20 
and acetyl ated to obtain 131 in 96% yield. The spectroscopic 
data of 131 was consistent with its structure (cf. sec II. 5). 
Its enzymatic resolution with FLAP gave 77% of the resolved 
alcohol whose rotation value was found to be = (+) 93.76 

(Cl, CHClg). % NMR spectral analysis of its Mosher’s ester 
revealed e.e of it to be 81%. The corresponding acetate was on 
the other hand only 34% enantiomerically pure, with rotation 
value = (-) 68.733 (Cl, CHClg). 

Bince the optical purity of the resolved alcohols 132 and 
133 were appreciably high we turned our attention to find out 
how the allyl acetates with an allylic sulfide group behave 
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towards enzymatic resolution. For this purpose substrates 128 
and 129 were prepared following a literature procedure^^. Thus, 
treatment of cyclopentenone with thiophenol, formaldehyde and 
triethylamine gave 2-[phenylthio{methyl)]-2-cyclopentenone 128 . 
Its NMR spectrum showed ^2.13-2.73 {4H, m, methylenes), 3.4- 
3,73 (2H, d, -CB2SPh, J = 2 Hz), 7-7.5 (6H, m, aromatic and 

vinylic protons). The IR spectrum showed a strong peak at 1690 

( "^C=0^' ^ '^C=C^ ^ "^aromatic ^ 

spectrum gave (M^) and (M + 1)^ peaks at m/z 204 and 205 

respectively. Reduction of 128 with NaBH^/CeCl.^ . 7H2O, as 

31 

described above for compounds 126 and 127 , gave the 
corresponding alcohol whose acetylation (cf. sec II. 7) gave the 
required acetate 134 in 78% yield. Its structure was confirmed 
from its spectroscopic and analytical data. Thus, its NMR 

spectrum showed peaks at 1.3-2. 5 {4H, m, methylenes), 1.93 
(3H, s, -O-CO-CBg), 3.5 (2H, d, -CJJgSPh, J = 3 Hz), 5.5-5.87 {2H, 
m, -CaOAc and = CE-). 6.93-7.3 {5H, m, aromatic protons). Its 

IR showed a strong peak at 1720 ( ^-O-CO-CHg) cm"^ and its Mass 
spectrum showed peak at m/z 248 (M ). The enzymatic hydrolysis 
using FLAP gave the corresponding resolved alcohol only in 34% 
yield with = ( + ) 18,226 (Cl, CHCI3). It was found to be 

74% enantiomerically pure on the basis of H NMR spectral 
analysis of its Mosher’s ester. Tlie unhydrolysed acetate was 
analysed on the basis of its ^H NMR {400 MHz) spectral analysis 
using shift reagent { + ) Eu(hfc)g and found to have 30% e.e. 

Likewise 2- [phenyl thio(methyl)]-2-cyclohexenone 129 was 
prepared from cyclohexenone, thiophenol, formaldehyde and 
triethylamine in 63% yield. The spectral and analytical data 



Figure II. 4 j ^ NMR spectrum (400 MHz) of (+) 137 
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(cf. s«c 1 1 . 6 ) for this compound were in agreement with the 
structure assigned to it. Reduction of this cc^npound with 

NaBH^/CeClg .THgO gave the corresponding alcohol which was 

connected into its acetate 135 using standard acetylation 

condition (cf- sec. II. 7). Its NMR spectrum showed peahs at 

^1.47-2.1 { 6 H, ffi, methylenes) 1.92 (3H, s, -O-CO-CU 3 ), 3.37{2H, s, 
■■Cfl 2 "SPh) I 5.17-6.47 (IH, m, -CBOAc), 6.53-6.77 (IH, br. t, = 
CH~)» 6.97-7.33 { 6 H, br. s, aromatic protons). The enzymatic 
resolution of 136 with FLAP was performed for 72 hrs to obtain 
the resolved alcohol in 79% yield with rotation value as 
= (+) 26.017 (Cl, CHClg). Its enantiomeric purity was found to 
be 76% from the NMR spectral analysis of its Mosher’s ester. 

The unhydrolysed acetate was found to possess 40% enantiomeric 
purity and its rotation value was found to be p= (-) 

16.091 (Cl, CHClg). 

The above study clearly indicates that the substrates chosen 
viz 130 , 131 , 134 , 136 for the enzymatic hydrolysis are capable 
of undergoing resolution. 'When sulfur is closer to the 
asymmetric centre the resolution appears to be better. Tlie 
absolute configuration of these optically active alcohols however 
need to be determined. Attempts to desulfurise these alcohols as 
well as the acetates were not successful. 

Synthesis of compound 129 required, according to the 
literature procedure addition of extra amount of formaldehyde 
after 24 hrs and the refluxing continued till cyclohexanone is 
consumed. Interestingly a very polar compound was found to form 
at the end of the reaction. When a large excess of formaldeliyde 
was added this polar compound kept on increasing and the 




spectrum (60 MHa) of 




2~ [pli6iiyl'tliio{ni€!'tliyl ) 3 -2~cycloliex6iione kept on docroasing as was 
noticed by thin layer chroBiatographic analysis of the reaction 
Mixture. The polar nature of this product suggested it to be an 
alcohol and so the crude product was acetylated. The spectral 

analysis of this acetylated product indicated that it has 
structure 139A (Fig. 23). Evidently compound X29 has undergone 
hydroxymethyl ati on twice on the adjacent methylene carbon to 
yield the diol 138. The IR spectrum of 139A showed two 
characteristic peaks 1720 ( 1670 { cm~^ . The 

NMR spectrum showed signals at S 1.83-2.5 (4H, m, methylenes), 
1.93 (3H, s, -OCOCEg), 3.13 {2H, s, -CH^OH), 3.6 {2H, br.s, -CHg- 
SPh), 4.17 {2H, s, -CBgOAc), 6.6 (IH. br. t. >C = CB), 6.83-7.4 
(5H, m, aromatic). Its mass spectrum showed peak at (m/z) 
320 (M^) and 302 (M^ interesting compound as 

it represents a class of compounds possessing a quaternary 
centre. Surprisingly, however, further acetylation of 139A was 
extremely sluggish. Ideally 139B is a good compound for FLAP 
hydrolysis to obtain 139A in optically pure form. But since 13^ 
was not easily obtained the FLAP hydrolysis could not be 
performed on this substrate. In order to find out the behaviour 
of such compounds towards FLAP hydrolysis compound 139A itself 
was subjected to FLAP hydrolysis. However, no clean hydrolysis 
was found to occur and a number of compounds seemed to form 
during this reaction. 

To make further uses of compound 126 a few more experiments 
were carried out to synthesise some interesting synthons. Since 
allylic oxidation to obtain oxygenated compound is well known in 
the literature^^, we considered the possibility of obtaining 141 


{Fi«. 24). For this purpose compound 126 was treated with KBS 

in the presence of catalytic amount of AIBN. This resulted in 

formation of the bromoenone 140 (Fig. 24) which was immediately 

reacted with silver acetate in acetic acid to obtain 141 in 59% 

yield. In its IR spectrum strong peaks at 1720 ( >?q_q), 1740 ( 

0.. ) cm'^ were observed. In its NMR spectrum peaks at ^ 

^0-COCH H, 

1,93 {3H, 3, -O-COCE3). 2.26 (IH, d.d, -C-CH^{0Ac), J = 16 Hs, J 

He ^ 

= 3 Ha), 2.9 (IH, d. d, - 9 - CH^ ( 0 Ac),\t = 16 Ha, 9 Ha), 5.5 
(IH, m, -CB^OAc), 6.27 (IH, d, = Cfi- , J = 3 Ha), 7.32 (5B, m, 
aromatic) were observed. Mass spectrum showed at m/a 248. 
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Having obtained compound 141 , FLAP based resolution was 
attempted to obtain the corresponding hydroxy compound in 
optically pure form. However, this compound was sluggish towards 
hydrolysis and whatever small amount of the products appeared to 
form was a complex mixture of several compounds. It is probable 
that the sensitive enone system perhaps was responsible for the 
failure of the hydrolysis. In order to further explore the 
potential of 141 its reactions with a variety of nucleophiles 
were attempted. Initial attempts to react 141 with morpholine 
and benzyl alcohol under basic condition gave a complex mixture 
of products. On the other hand, reactions with a softer anion 
vis diethylmalonate anion was found to be cleaner. It gave a 
product 142 whose spectral analysis indicated it to have a 
structure 142 (Fig. 24). The IR spectrum of this compound 

showed a broad strong peak at 1730 { NMR 

spectrum showed signals at 1.23 (6H, 2t, -O-CHgOB^, J = 7Hz), 

3.13“3,6 (3H, m, methines), 4,13 {4H, 2<3[, “0“CB2^^3> J ~ 7 Hz), 

6.07 (IH, d. d, CH=CB-C0-, J = 2Hz, 6 Hz), 6.6-7.67 (6H, m, 

aromatic protons and -C0CH=CH~). Mass spectrum showed M 

peak at (m/z) 348. Formation of the product could be explained 
via Michael addition of the diethylmalonate anion followed by 
elimination of the acetate ion as shown in (Fig. 26). This has a 
literature precedence^^ of similar compounds but without 

thiophenyl moiety. Compounds of this type 142 have strong 
structural resemblance with prostaglandins 143 , 144 , 146 (Fig, 
26) and therefore if they are obtained in optically pure form it 
would be very useful. To this effect FLAP hydrolysis of this 
diester 142 was attempted. But once again this compound was 
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1A7 


founa to be inert towards FLAP hydrolysis. This again proves 
that presence of an enone moiety somehow interferes in the 

reaction, and prevents the hydrolysis. To further modify the 

structural aspects of this enone 141 it was reduced 
HaBHr/CeCln.TH^O In methanol so that upon acetylation one could 

^ ,*4 + +A 146 (Fig 27) tor further FLAP based 

obtain the diacetate 146 (Fig. 21) lo 

Wrolytic studies. However, the product obtained in 30* yield 
from the reduction followed hy acetylation was not the ewpected 

.iacetate 146 hut instead it had the structure 147 (Fig- • 

% HMB epectrum clearly supported the structural assignmen . 

fh„s it showed signals at S 1.73-3.0 t5H. «, methylenes and a 
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Flgare II. 8: NMR spectruuM (60 MHz) of 147 




peak at 6 1-93 C3H, s, -O-COCH 3 ):, 3.13 (3H, a, -OMe). 3 . 93 - 4.47 
UH, m. -CHCMe), 6.1-6.73 (2H, », -CflOAo, =ca). 6.B3-7.6 ( 6 B, », 

aromatic protcna). In ita IR apaotrnm atrong paak at 1720 ( •'> 5 ^ 0 ’ 
„aa obaerved. Furthermore alnce the product 147 waa obtained in 
leaa yield further atudiea were not carried out. Reduction 
m waa alao attempted in nonhydroxylated advent auoh aa THF and 
aioxane. however, the reactiona were not found to be cle«. 

Formation of 147 could be explained aa ahown in the Fig. • 
flap hydrolytic atudy on thia compound waa, therefore, 

conducted . 


some very 


The above studies have led to the synthesis of 
useful sulfur containing chiral and achiral synthons for organic 
synthesis. Experimentations to improve the yields in some cases 
euad FLAP hydrolytic studies under modified conditions and the use 
of other enzymes are needed to be explored. 


II. 3 Experimental Procedure 

Tlae details of the instruments used are the same as 
described in section 1.4, CH^CN was dried by using 4A molecular 

4 was 

prepared by distilling it over FgO^. Acetic acid was freshly 

distilled before use. Dimethoxyethane (DME) was dried using 

solid KaOH beads and LiAlH^. NBS (H-bromo succinimide) and AIBN 

{2,2-azo-bis isobutyronitrile) were recrystallised from water and 

ethanolic water (86:15) respectively. Benzenesulfenyl chloride 

was prepared from diphenyl disulphide and sulfuryl chloride 

following the literature procedure ; Cyolopentenone and 

cyclohexanone were prepared according to the literature 
37 

procedure 


sieves and CaHg and finally distilled over CaHg. Dry CCl 


II. 4 Preparation of 2-i«ienyltMocycloalk-2-«ione 
General procedure: Freshly distilled benzenesulfenyl chloride 

(15.8 g. 0.11 mol) was added dropwise to a solution of 
cycloalkanone (0.036 mol) in dry CHgCN (60 ml) at 20 C during 1 
hr. Then it was allowed to stir at room temperature for 4-6 hr. 
After cooling in an ice water bath, fine crystals of diphenyl 
disulphide appeared which were filtered off and washed with ice 
cold CH«CN. The filtrate was evaporated under reduced pressure 
and boiled methanol (30 mL) was added to the residue and the 


mixture reevaporated under vaccum. The whole process was 
repeated for a second time. Purification of the oily residue by 
column chromatography (petether: ethyl acetate = 97:3) gave 2- 

phenylthiocycloalk-2-enone. 

T}ie characteristics of 2-phenylthiocycloalk-2-enones are 
described below: 

2-Vk&arltihl<>CYclov^t-2~esiOJM> (126) 


0 



SPh 


Light yellow coloured oil 


Yield 60% 

IR spectrum (neat) 

NMR spectrum (CCl^): S 7. 6-7. 2 (5H, m, aromatic 

6.9-6.76 (IH, t, = Ca. 3 


protons) , 
allylio and 


other methylenes) 


2-Pli«nylthioc3relolho*-2-eBone • 




Light yellow coloured oil 


Yield 62% 

IR spectrum (neat) '^max' 


1670 ( >C = 0) cm 


NMR spectrum (CCl^); S 7.36-7.03 (5H, «, aromatic protons), 
6.18 (IH, t, -CH,-), 2.6-1.94 {6H, m, allylic and other 

methylenes). 

II. 6 Preparation of l-acetoxy-2-plienylt9ilocyoloalk-2-ene 
General procedure: 2-Phenylthiocycloalk-2-enone (1.6 mmol) and 

CeClg.7H20 (582 mg, 1.66 mmol) were dissolved in MeOH (6 mL) and 
sodium borohydride (60 mg, 1.66 mmol) was added to it in one 
portion at O^C. After 5-10 min of stirring MeOH was removed 
under reduced pressure. The residue was taken in ether (25 ml) 
and 3 ml of satd aq.NH^Cl solution was added to it. The organic 
layer was then washed with water (6 ml), brine (6 ml) and dried 
over anhydrous sodium sulphate. Evaporation of ether gave a 
crude hydroxy compound which was acetylated using acetic 
anhydride (1.6 mmol) and pyridine (1.66 mmol) in dry CHgClg at 
room temperature. The reaction mixture was stirred for 6 hr and 
the crude acetate was worked up with ether (26 ml), water (6 ml) 
and brine (6 ml ) . Drying and evaporation of ether layer gave a 
crude acetate which was purified by column chromatography 
[eluent, petether: ethyl acetate (96:6)]. The properties of 
acetoxy compounds are described as follows. 

1 -Acotoxy-2-pl»enylthi<>cyclopeiit-2-OB© ; (l 30) 


A colourless thick liquid 
Yield 92% 

IR spectrum (neat) : 1725 (-O-CO-CHg) cm"^ 

NMB spectrum (CCl^): £>7.77-7.0 (5H, m, aromatic protons), 
5.9-5.73 {IH, t, = Ca. J = 3 Hz), 5.73-5.33 (IH, m, -CHOAc), 
2. 7-1. 7 (7H, m, allylic and other methylenes with a methyl 
singlet of -O-C-CH. at 5 1.87) 

O ^ 

Mass spectrum (m/z): 235 (M+l)'^, 174 (M^-CHgCOOH) , 

65 (M'^-CBgCOOH-SPh). 


l-Acetojiy-2-plMMiylthlooyololiex-2-«B©; 



A light yellow coloured oil 
Yield 95% 

IR spectrum (neat) • ^^20 (-O-CO-CHg) cm 

NMR spectrum (CCl^): ^7.27 (5H, m, aromatic protons), 

6.21 (IH, t, = CH), 5-15 (1H> -CfiOAo), 

2. 2-1. 5 (6H, m, allylic and other methylenes with a methyl 

singlet of “0-C-CHg at £ 1.8) 

Mass spectrum (m/z): 248 (M^). 249 (Mn)". 188 (M^-CH3C00B) | 

79 (M'^-CHgCOOH-BPh). 


II. 6 Preparation of 2-i:(]NkenjrltMo)Betli7l3 oyoloalk-2-ano-l-oii©^^ 

Graaral Prooodura: A solution of cyoloalkenone (5 asmol), 
triothyl amino (6 mmol), 37% aqueous formaldehyde solution {5 
mmol) and thiophenol (6 mmol) in absolute ethanol (15 ml) was 
refluxed for 24 hr. The cooled solution was concentrated and the 
residue was partitioned between ether and water. Aqueous layer 
was extracted with ether (2 x 15 ml) and the combined etherial 
extracts were washed with 6% aqueous NaOH (10 ml), water (2 x 10 
ml) and brine (10 ml). The organic layer was dried over 
anhydrous Na 2 SO^ and the crude product obtained after removal of 
ether was purified by column chromatography [eluent: petroleum 

ether (60-80’^C): ethyl acetate 97:3]. Tlie characteristics of 
these compounds are given below. 

2-[(Ehenylthio)»etJiyl3 oyclop«Bt-2-eiiOBes ^128) 


0 



Yield 70% 

A freely moving liquid 

IR spectrum (neat) : 1690, 1620 and 1570 (>C=0, >C=C< and 

aromatic ring) cm ^ 

% HMR apeotruK (CCl^): & 7.6-7 (6H, m. =Ca- aad aromatic 

protOBS), 3.73-3.4 {2H, i. -CBjBFh, J = 2 Hz), 2.73-2.13 

(4H, m, allylic and other methylenes) 

Mass spectrum (m/s): 204 (M ), 205 (M+1) . HO* 66 


2-iVhenyliii^oime\aairin-2-07clohwenoiM: (l29) 



SPh 


63% 


A clear 

IB spectrum (neat) 

NMK spectrum (CCl^) = 
6.65 (IH, m, >C=Ca-) 
Mass spectrum (m/s): 


: 1680, 1580 {>C=0. >C=C<) cm ^ 

S 7. 4-6. 9 (5H, m, aromatic protons) , 
, 3.67 {2H, br. s, 'PhB-CQ. 2 -'> > 

218 (M"^), 219 (M+1)^, 110, 109. 


n.7 o* 


oyoloalli-2~ 


ene 


Eeduotlon followed by acetylation wan Peyfo»ed aa per 
procedure as described in sec. II. 6. 

l-icet«iy- 2 It*J>e..yathlo)«.tbyll cyolcpent-2-«.= (134) 


the 



Yield 78% 

A thick liquid 


IR speotrum (neat) 1720 (-O-COCH 3 ) cm~^ 

% HMR spectrum (CCl^): £.7.3-6.93 (BH, m, aromatic protons), 
B.87-B.B {2H, m, -CflOAc and =Ca-), 3.B {2B. d, -CSgSPh, 

J = 3 Hs), 2. 5-1.3 {7H, m, allylic and other methylenes 
with a methyl singlet due to -O-COCag group at about £l .93 
Mass spectrum (m/a): 248 (M'*'), 249 (M+l)'*', 206, 

189 [(M+l)"^ - CHgCOOH]. 

l-Aoot<>Jtr-2E{plioiiyltMo)»ethyl3 oyolohftx-2-eBe: (135) 


Yield 95% 


OAc 



A clear oil 

IR spectrum (neat) (>C=0, >C=C<) cm ^ 

NMR spectrum (CCl^) : £>7.33-6.97 (5H, br. s, aromatic protons), 
5.77-5.53 (IH, br. t, =Ca-), 5.47-5.17 (IH, m, -CaOAc), 

3.37 (2H, s. -Cag-SPh)* 2.1-1.47 (9H, m, allylic and other 
methylenes with a methyl (- 0 -C 0 Ca 3 ) singlet at ^1.92 
Mass spectrum (m/s): 262 (M^), 263 (M+1) , 202 (M -CH 3 COOH). 


II. 8 FLAP Catalysed Hydrolysis of Rac«id.c Acetates 


The procedure used for the FLAP hydrolysis is same as describe 


in sec . 1 . 20 . 


FLAP oatalyeed hydrolyals of (±) 130 

Hydrolysis of racemic (i) 130 (600 mg, 2,136 mmol) with FLAP (600 
Mg) afforded alcohol {+) 132 and unhydrolyaed {-) acetate. 
Reaction time: 80 hr 
Yield of ( + ) alcohol : 110 mg (54%) 

Cospoimd (l32) 


OH 



A yellow thick liquid 

IR spectrum (neat) * 3540, 1600, 1580 (-0-B, >C=C<, 

aromatic) cm ^ 

NMR spectrum (CCl^): S 7.4-7.06 (5H, m, aromatic protons), 
6.7 (IB, hr t, = Ca), 4.59-4.32 (IB, hr m, -CHOB), 

2 . 9 - 1.66 { 5 B 1 , m, -OE. allylic and other methylenes). 

J {+) 46.279 (Cl, CBClg) 

e.e : 96% 

Yield of the recovered acetate : 270 mg 
: (-) 17.476 (Cl, CBCI 3 ) 

e.e : 63% 

The (-) acetate has its IR, ^B NMR data identical 
with that of the corresponding racemic compound. 

FLAP catalysed hydrolysis of {+) (131) 

Hydrolysis of racemic (+) 131 (400 mg, 1.61 mmol) with FLAP (480 


nig) afforded alcohol {+) 133 and unhydrolysed acetate {-) 131. 
Reaction time : 86 hr. 

Yield of { + ) alcohol: 128 mg (77%) 

(Toaipotmd (l33) 

OH 



A yellow oil. 

IR spectrum (neat) 3660, 1620, 1580 {-OH, >C=C<, 

aromatic) cm"^ 

NMR spectrum (CCl^): (S 7.29-6.95 (5H, m, aromatic protons), 
6.03 (IH. t, = Ca. 0 = 6 Hz), 3,85 (IH, hr s, -CflOH) , 

2. 5-1. 3 (7H, m, -Ofl, allylic and other methylenes). 

: ( + ) 93.750 (Cl, CHClg) 
e. e • 81% 

Yield of the recovered acetate : 218 mg 
[0 C]jj25. 50 733 (C2, CHCI 3 ) 

e.e : 34% 

The (-) acetate has its IR, ^H NMR data identical 
with that of the corresponding racemic compound, 

FLAP catalysed hydrolysis of (±) (l34) 

Hydrolysis of racemic (±) 134 (189 mg, 0,76 mmol) with FLAP (226 
mg) afforded alcohol (+) 136 and unhydrolysed acetate (-) 134. 


Reaction time : 70 hr 


Yield of th© alcohol : 26 mg (34%) 


OH 



A pale yellow oil. 
IK spectrua (neat) 


3660, 1610, 
aromatic) 


lj 5 nmR spectrum ( CCl ^) • S 7 • 3 ® ^ 

5.61 (IH, hr s, = CE). 4.85-4.96 

3.62 ( 2 H, hr s, Ca 2 SPh) , 2 . 6 - 1 . 5 
and other methylenes) 


1676 (-OH, >C=C<. 

-1 

cm 

, m, aromatic protons), 
(IH, m, -CaOH), 

( 6 H, m. -oa. allylic 


£0C325^ : (+) 18.226 (Cl. CHCI 3 ) 


©. e 


74% 


Yield of the recovered acetate : 96 M 

toC]% = (-) 8.428 (Cl. CHCI 3 ) 
e.e ; 30* 

The acetate (-) 134 acetate haa ita IB 

»ith that of the correaponding racenic 


, NMR data 

compound . 


identical 


FLAP catalysed hydrolysis of - ( ) 

• 135 (624 mg. 2 mmol) with PLAt' 

Hydrolysis of racemic (+) 135 ( * + / i 135 

1 . n 137 and unhydrolysed acetate (-) 136. 

afforded alcohol (■*■) 13* an 


Reaction time • 72 hr 

Yield of the alcohol : 174 mg (79%) 


OoMPOund (-•■)(l37) 

A viscous liquid 
IB spsctrum (neat) 




max 


OH 

[^SP» 

3560, 1615, 1680 (OH, >C=C<, 
aromatic) cm~^ 


NMR (CCl^): S 7.25-6.9 (6H, m, aromatic protons), 
5.35 (IH, s, = Cfi), 4.15 (IH, br s, -CfiOH), 
3.39 (2H, br s, -CHgBPh), 2. 3-1.3 {7H, m, -OH, 


allylic and other protons). 


; (+) 26,017 (Cl, CHClg) 
a.e : 75% 


Yield of the recovered acetate : 230 mg 
£oC]2&^ : {-) 15.091 (Cl, CHClg) 
e . e : 40% 

The acetate (-) 135 has its IB, ^H HMB data identical 

with that of the corresponding racemic compound. 


II. 9 Detendnatlon of enantloBerlc purity of {+) alcohol 

Mosher’s ester of alcohols were prepared following the same 
procedure as given in Bee. 1.21. 

The properties of the Mosher’s esters are the following 

Hoahor'fl ootor of (+)(132) 

A clear liquid 

^H NMR spectrum (CDClg): The ^H NMB spectrum of this compound 
contains two singlets at S 3,63 and ^ 3.59 with a intensity 
ratio of 1.96: 0.04 which shows the enantiomeric purity of {+) 


132 to be 96% 



lSo^r’0 ©0t«r of (4) (133^ 

A pal© yellow liquid 

Ifl mm spectrum (CDCl 3 ): The ‘h KMR spectrum of this compound 
coBtains two singlets at S 3.64 and S 3,56 with & intensity I'atio 
4.68:0.5 which establishes the enantiomeric purity of (+) 133 to 
be 80%. 

Hosher’s eater of (+)(l36) 

A colourless liquid 

NME spectrum (CPClg): The NMR spectrum of this compound 
contains two singlets at S2.24 and S 2,22 in the ratio 6 : 
0.75 establishing the enantiomeric purity of ( 4 ) 136 to be 74%. 

Hoaher’a eater (+)(137) 

A yellow coloured liquid 

NMR spectrum ( CDCl g) : The NMR of this compound showed two 
singlets atS3.6 and ^3,53 in the ratio 1:0.14 establishing 
the enantiomeric purity of {+) 137 to be, 75%. 

II. 10 l^etezslnatioo of enantloaerlc excess of vmfaydrolyaed (-) 
aoetatea 

The % NMR {400 MHz) spectra of acetates (5 mg) were recorded in 
the presence of (+) Eu(hfc)g (20 mg). 

The characteristics of spectra are explained below 

Coatpoimd (-) (l30} 

The % NMR spectrum of {-) 130 (6 mg) having two distinct 
singlets atS2.122 andi2.092 due to methyl protons of (-O-COCBg) 
with an intensity ratio of 1.16:0.36 shows that the optical 
purity of the chiral acetate is 53%. 



Coapound (-)(l3l) 

The KMB speotruK of (-) 131 (5 Bg) with tso singlets at 

S3. 34 and o 3.166 due to the methyl protons of (-O-COCHe) 

3 

with an intensity ratio of 2.03:1 shows that the optical purity 
of the unhydrolysed acetate is 34% 

Coapound (-) 

The NMR spectrua of (-) 134 (5 mg) with two singlets at 6 3.74 
and S>3.7 due to the methyl protons of (-O-COCHg) with an 
intensity ratio of 1.857:1 shows that the enantiomeric purity of 
this compound is 30%. 

C<Hipoimd (-) 

The NMR spectrum of {-) 136 (5 mg) with two singlets at 

S) 2.26 and ^2.08 due to the methyl protons of (-O-COCHg) with 
an intensity ratio of 2.33:1 shows that the enantiomeric purity 
of the compound is 40% 

11.11 Byntheslfl of ooapoond (l30A) 

0 



Buring the preparation of compound 129 (cf- sec II. 6) y excess of 
formaldehyde was added and the refluxing was continued for 
additional 24 hrs. Usual work up (cf. II. 6) gave a crude product 
whose purification resulted into a compound, presumably the diol 
138 which was acetylated using acetic anhydride, pyridine, BMAP. 



The crude product obtained was purified by column chromatography 
(eluent: petroleum ether and ethyl acetate 97 : 3 ). 

Yield 62% 

IR spectrum (neat) 1720 (>C = 0), 1570 (>C = C<) cm"^ 

NMR spectrum (CCl^): 6 7.4-6.83 {5H, m, aromatic protons), 

6.6 (IH, hr. t, >C = Cfl-) 4.17 {2H, s. -CEgOAc). 3.6 (2H. 

3 , -CBg-SPh), 3.13 (2H, a, -CflgOH), 2.5-1.83 (BH, m,-QH, 
allylic and other methylenes and with a methyl singlet of 
-O-COCB 3 at S 1,93. 

Mass spectrum (m/z): 320 (M'*’), 302 (M'^-HgO). 

11.12 Preparation, of 4-aoetoxy-2-i9iMurltMocyolopent-2-enone:^4lj 


0 



A mixture of compound 126 (1 g, 6.2 mmol), NBB (1.125 gm, 6.3 
mmol) and AIBN (100 mg) were taken in OCl^ (10 ml) and the 
reaction mixture was refluxed for 2.6 hr. The reaction mixture 
was then cooled by keeping the reaction flask in tlie freezer for 
1/2 an hr. The solid residue was filtered and washed thoroughy 
with cold CCl. (10ml). The filtrate was then worked up with 
water (2 x 6 ml) , 10% sodium thiosulphate (5 ml) and brine (5 
ml). The organic layer was dried over anhydrous NagSO^ and 
CCl^ removed under reduced pressure (water bath temperature 46^0 
to get crude bromoenone 140 (Fig. 24). The crude product itself 



was used for the next reaction which was treated with acetic acid 
(17 ml) and AgOAc {0.97 gia, 5.80 uunol). The resultant mixture 
was stirred at room temperature for 12 hr. Precipitated AgBr was 
filtered and acetic acid removed under reduced pressure. The 
crude product was purified by column chromatography (eluent: pet. 
ether {60-80^0 : ethyl acetate = 92:8). 

Yield : 89% 

IR spectrum (neat) 1*^20, 1740 (>C = 0,-0-C0CHg) cm~^ 

% NMR spectrum (CCl^): S7.32 (6H, m, aromatic protons), 

6.27 (IH, d, = CH-, J = 3 Hs), 5.5 (IH, m, -CH.(OAc)). 

H ^ 

2.9 (IH, d.d, -C-CH,(0Ac), J = 16 Hz, 9 Hz), 2.26 (IH, d.d. 

He “ 

-C-CH^(OAc). J = 16 Hz, J = 3 Ha), 1.93 {3H, s, -O-COCH^) 
MaL spectrum (m/z): 248 (M’^), 206 (M'^-CH2=C=0) , 

189 (M'^-CHgCOOH) 


11.13 Preparation of 3-(of,oc' >dlcart>oet^xyBetlirl)''2-E3ien7lthio- 
cyclop«iit-4-enoBe (l42j 

0 

'SCeHs 

CO2C2H5 
t02C2^^5 



Compound 141 (1 mmol) was dissolved in 5 ml of BME and to it was 
added a mixture of diethyl malonate (1 mmol) and potasium t 
butoxide (1 mmol). The reaction mixture was stirred at room 
temperature for 7 hr and then worked up with ether (2x 10 ml), 
water (6 ml) .nd brine {6 ml). Ether wee removed end the crude 



product so obtained was purified by column chromatography 
(eluent: pet other 60-80^C : ethyl acetate = 90:10). 

Yield 55% 

IK spectrum (neat) 1730 ( >C = 0) 

HMR spectrum (CCl^): & 7. 67-6. 6 ( 6 H, mi aromatic protons and 
-C-CH=Ca-), 6.07 (IH, d.d, -C-CIi=CH-, J = 2 He, 6 Hs), 

4.13 (4H, 2<i, — 002 , 2 — CHg, 0 — 7 He), 3.6—3.13 (3H, m, 

>ClD5Ph, -Ca(C 02 C 2 Hg )2 and allylic methine), 1.23 ( 6 H, 2t, 
-OCH 2 CB 3 , d = 7 Hz) 

Mass spectrum (m/z): 348 (M"^), 274 (M'^-CgHgCOOH) , 

188 {M'^-CH 2 {C 02 Et) 2 ) 

11.14 Sjmtlieflls of l-aootoxy-4-«ethoxF-2-p!hoiiyltMocFclopent-2- 
one: (147) 


OAc 



Compound 141 (1 mmol) was reduced with NaBH^/CeCl 3 . 7 H 20 and the 
crude reduced product was acetylated using acetic anhydride, 
pyridine, and DMAP following the same procedure as described in 

Sec . 1 1 . 5 . 

Yield 30% 

A yellow coloured oil 

IR spectrum (neat) ^ >C = 0) cm 

NMS spectruB (CCl^): ^ 7. 6-7.1 ( 6 H, ■», awmstio protons). 



5.73-5.2 (3H, in, -CBOAc, = CB-), 4,47-4.1 (IH, m,-Ci30Me), 
3.13 (3H, s, -OCJBg), 3.0-1.75 {5H, m, methylene and 
methyl sinfflet of — 0— COCBg ®t il.93) 

Mass spectrum (m/z): 232 (M**^). 
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CHAPTER III 


RADICAL CYCLISATION APPROACH 
TOWARDS THE SYNTHESIS OF ZOAPATANOL 



IIITROaDOCTIOfi 


jjj.l The diterpene Boapatanol 1 isolated from the Mexican 

zoapatle plant^ (Monatanoa tomentosa) which has been 

traditionally used in folk medicine to terminate early pregnancy 

has generated much interest over the last decade because of its 

reported antifertility properties^. It has also been found to 

2 

possess unique ‘'uteroevacuant” activity . The structure of 
zoapatanol was elucidated in 1979 by Levine et al^ 



1_ Zoapatanol 


Figure 1 


The structure has been further confirmed^ by X-ray analysis. 
Zoapatanol is having an oxepane ring and the 2’ and 3’ position 
of the ring is asymmetrically substituted. The stereochemistry 
at Cg ar.d C3 is B and H respectively. The geometry of the 
hydroxy ethylidine group has been assigned as 6 E eonf iguration- 
The 6-methyl group adjacent to the carbonyl group is not defined 


stereochemically . 

Due to the potential ol zoapatanol for use in 


human 


contraception 
interest among 


and the novelty of Its unique noleoular structure 
ehe«lst» is generated towards Its stereocontrolled 


synthesis. Clien 


and Kowand* were the first ones 


synthesise 



zoapatanol from the epoxy compound 2 which is having a 2-hydroxy 
ethylidin® group at an early stage. They used 2-methyl-6- 
jnethyl©!!®- 7-octadien-l-ol 3 as a starting material to form 
5 (Fig- 2). The cyclisation of 4 with trifluoroacetic acid (TFA) 
in dichloromethane at O^C, gave the oxepane ring 6 in a 
stereospecific fashion. The terminal tetrahydropyran-2-yloxy 
group was modified to get the desired side chain. 



The synthetic strategy of Nicolaou et al is based on the opening 
of «> epoxy ring to get the deslted oxepane ring ae shovn in Fig. 
3. The side chain was synthesised from a methoxy enol ether 6. 
The methyl group at 2’ position of (i) 1 w*® introduce 



help of chelation controlled methodology to obtain 11 from 10 by 
reacting it with 2-equiv MeMgCl at -105^0 in THF. Construction of 
the oxepane ring system 13 was accompanied by intramolecular 
epoxide opening using K CHgSOCHg in DMSO followed by the cleavage 
cf the resulting diol with NalO^. This crucial oxepane 
intermediate was then subsequently transformed into zoapatanol 
( + ) 1 via a series of reactions (Fig. 3). 



L> 

^THP 

A 


( 


P~~^Ph 


(i) 7 /Mg /THF o-. 


25"C 


'■Ph 


O' 


(ii) Oxidation 


CHO 


R'^o 10 


OR 


Me MgCl (2equiv , 
THF, -105°C) 


(i) KCH2SOCH3 
M«2^,25‘’C 


(it) Nal 04 , 

EtOH-H20 
2 5°C 


O-^Ph 

12 





(i) n-Bu4NF -THF 

0-25°C 

(ii) V0(acac)2 , 
t-BuOOH, 

NaOAc , 
toluene: , Ji 

CH2a2(1-1)r25C 



13 


Figure 3 



6 

Kan© and Doyl© have synthsised ( + ) zoapatanol from a 
intarmediate 14 to establish and control the 

iftereorelatlonship required for the ring vicinal alkyl and 
hydroxy groups. Construction of the oxepane ring system involved 
conversion of the ketone 15 to the lactone 16 via its Baeyer- 
Villifi^J^ oxidation. This lactone 16 was transformed into the 
p-keto ether 17(b) via a set of reactions involving enol 
phosphate 17 (a) as shown in Fig. 4. After having constructed the 
basic oxepane system 17(b) it was then converted into (±) 
zoapatanol through a number of simple transformations 




,Rx 


THPOH2C 


CH 3 



LDA/(EtO)2PCl/THF 

tmeda/hmpa 


i 



CH3 

12(b) 


(i) Na/Liq.NH3/t-BuOH 

(ii) PhCH2Br/NaHyC6H6 \ H 0 

'‘(HI) BHyTHF,H202/NaOH~ 

(iv)Cr03/C5H6N/CH2Cl2 H3C 

II (°) 


-(0Et)2 


ngufg 


4 



7a 

Cookso®^ and Livertone have used similar epoxy compound 

4 

23 (Fi«< &) Chen and Rowand have used {cf. 23 (hydroxy 

group was protected as THP ether instead of benzyl ether)) to get 
the oxepane ring. The key step in this new synthesis of 
zoapatanol involved stannic chloride catalysed isomerisation of 
the epoxy diol 23 to an oxepane system in which differential 
protection of the hydroxy groups allowed oxidation to the acid 24 
followed by addition of the prenyl group to complete the side 
chain. An important step in construction of the intermediate 
epoxy diol 23 was the zirconium catalysed cis- addition of 
trimethyl aluminium to the acetylene according to Negishi*^^ and 
reaction of the ’ate’ complex 20 with n-butyllithium with 
ethylene oxide to form the E alcohol 21. The homoallylic iodide 
22 was a key intermediate to give the epoxy diol 23. 

^ M«3AI,[zr(cp)Jci2/ClCH2C»^ 

. . .t- RT ' 


18 


0CH2Ph 

A I M € 2 


20 


J 


^0CH2Ph 


SnCt^/THF/ RT 



R * Me2t-Bu Si 


.OCHaPh 



(i) MsCI/El3N/CH2Cl2 
* '* (ii) NaI/MC2C0/RT 



1(0 BuUl ^ 
(-78 -*>-30) C 



21 



In 1988 a yet another approach by Kociensky et al® appeared 

in the literature which also involved a somewhat similar approach 

towards the construction of the main oxepane unit as was utilised 

by Chen and Rowand'* and Cookson and Liverton^ . The epoxy diol 31 

used in the strategy by Kociensky et al is however slightly 

different from the previous ones. Further, synthesis of this 

diol involved a highly stereoselective approach towards 

constructing the tri substituted alkene 28 using reaction 

9 

developed by Wenkert et al . This synthesis is outlined in Fig. 

6. 



M«Mg8r/(Ph3PJ2NiCl2 (2§ 
EtpTciHe R 



CH3 


26 


i) MsCl/EtaN 

It) LiBr/acctonc 

iv) Br-Mg0CH2CHCCH20MgBr/ 
Et20‘ 



R a -CH2CH2C(M«)=:CH2 


work up 



Figure 6 



In addition to the above mentioned syntheses, Moody et have 
recently reported an interesting approach towards the synthesis 
of oxepane derivatives related to soapatanol. This involved 
rhodiUBi carbenoid mediated cyclisation of oj— hydroxy~ —diaso" 
)a-keto esters. Synthesis of one such intermediate via. 39 is 
delineated in Fig. 7. 



i) S «02 OAc 

li) NQ2S2O4/ 

NoHCOj ^ 



34 



OH OH 
ii) K2C03/Et0H'^ 



35 


i) sharplessepoxidalion 

ii) TsCl/EtaN 



i) TsKa /EtaN 
CH3CN/^^ 



I) AczCVCsHgN 
ii) RHoOAc)/ / 

CeHe 



39 


i) Nal/ 

Qcetong 

1i) CH3C0CH^02Me 
NaH 




Fi gure 7 - 



III. 2 Bea«lta and Maccuisloii 

The introduction part of this chapter deals with various 

synthetic endeavours towards the synthesis of soapatanol { + ) 1 

described in the literature. These approaches towards the 

oxepane ring systeas basically are of two types viz. (i) starting 

from cyclic precursors and (ii) elaboration of a cyclic 

structure. Towards the first approach the crucial precursors are 

of the type A and B as shown in Fig. 8 via the cleavage of bonds 

a and b. Compounds of type A lead to oxepane ring system via 

intramolecular epoxide ring opening under acidic condition^ ' 

Whereas the B type structure undergoes intramolecular epoxide 

ring opening under basic condition^. A yet another approach^® 

towards the oxepane system involving bond 'b* cleavage involves 

the cyclisation of *c’ . In the second approach lactone of type 

'P’ , obtained via Baeyer- Villiger oxidation of the 

B 

corresponding cyclic ketone, is utilised for soapatanol 
synthesis. 

A close scrutiny of the structure of zoapatanol suggests 
that other than the above mentioned approaches possibilities of 
C-C bond formation from an appropriately substituted acyclic 
precursor do exist. Of several such possibilities the one which 
we have considered involves a radical induced intramolecular C-C 
bond formation. Betrosynthetic analysis of soapatanol which 
supports our approach is shown in Fig. 9. 





Rs 


CH3 

(CH2)3 — CH-~C— CH2--CH=C 


/ 

\ 


0 


CH3 

CH3 


Figure 8 





IV 

Y s Br , 1 

Z = leaving group 

X = precursor to a -OH group 

Retrosynthesis — 

This radical cyclisation approach as depicted in Fig. 9 
iwolvos on ollowed 7-endo tris oodo oooordina to Bald»ln’5 
rulo^^ In order to toot the volldlty of tMo opproooh « Bodol 
otndy hoo boon oorrlod out. Litoroturo ourvoy revealed that 
otruotureo of type V (Fi«. 9) ore readily available via Baylle- 

Bill«an»2 reaction. One of the oiapleot coapoundo 40(Flg, ID 

available via thie reaction wao ohooen by bo for the preoen 
otady. This was obtained by the reaction of acrylonitri 



presence of 1, 4-dift2abi cycle (2.2.2) octane 
(DABCO) according to a literature procedure^^. Compound 40 was 
then reacted with allylbromide to form 41 in 613S yield. This 
compound represented structure IV of Fig. 9 for model study. 
Here X is not a direct precursor of an OH group and R does not 
correspond to the side chain of the soapatanol. At the same time 
methyl group is also not present. However, preliminary studies 
towards the construction of the oxepane ring system pertaining to 
zoapatanol where substituents are at proper positions have been 
attempted using compound 41 {Fig. 11). Structure of compound 41 
Has confirmed on the basis of its spectral data (of. III. 3. 2) 
section. In order to convert this compound into the precursor of 

type III (Fig. 9) Initial studies were carried out using 

14 

oxymercuration reaction on compound 41 to obtain 

oxymercurials 42. The reductive coupling of these mercurials 

Hg(OAc)2/AcOH^ 

0 
R 

Q 


R = alkyl group 

Figure 10 
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were expected to lead to the oxepane system based on literature 

1 fs 1 A 

precedence'^ ' for both inter as well as Intramolecular C-C bond 
formation. The report by Danieshefsky is especially 
interesting as it deals with the intramolecular cyclisatlon via 
5-exo and 6-exo trig modes as shown in Fig. 10. In the present 
study formation of the oxepane system via 7-endo trig mode of 
cyclisatlon was therefore expected. Oxymercuration of 41 was 
carried out under two different conditions via. with acetic acid 
and with methanol. The acetoxy mercurial 42A was reduced under 
basic conditions with NaBH^ according to the literature 
procedure . It gave two products, 43 and 44 along with some 

amount of the starting material in 9%, 15% and 68% yield 

respectively (Fig. 11). Structures of these products were 
confirmed by spectral and analytical means. Compound 43 showed 
in its IR spectrum strong peaks at 2218 cm ^ and at 1740 cin~^ 
corresponding to the -CN group and the acetate group 
respectively - In its NMR spectrum signals at So.8 - 1.8 

(4H, m, 2 CH 2 S), 1.93-2.1 (3H,^s, O-CO-Cflg), 2.66-3.23 (IH, m, - 
CaCN), 3.26-4,33 (4H, m, -CfiOAc, -0-CHPh , -O-CSg with a 

doublet centering at &4,2, J = 7 Ha), 7.16 {6H, br.s, aromatic 
protons ) were observed . The doublet at t 4 . 2 corresponds to the 
benzylic methine and since the J value is only 7 Hz the 

relationship between the proton e and d must be cis. The 

presence of two singlets for O-CO-CHg at Sl.93, 2.1 indicates 
that this product is a mixture of two stereoisomers 43A and 43B 
in a ratio of 3:2 as indicated by the integration of these two 
singlets (Fig. 12). 



(a) H.C 



Figure III. 2: H NMR spectrum (60 MHa) of 44 



Figure 12 


structure of compound 44 , which is formed by mere reduction of 
the C-Hg bond, was consistent with the spectral data assigned to 
it. In its IR spectrum strong peaks at 2208 ( 1730 
( '^o-CO-CHj^ ^ were observed. The HMR spectrum showed peaks 
at g 1.23 (3H, d. -CH-CHg, J = 6 Hs), 1.9-1.94 {3H, 2s, - 
O-CO-Cag), 3.47 (2H, d, -OCSg, ^ ^ Hz), 4.13 {IH, s, {Ph)-Ca-0-) , 
4.93 (IH, sextet, -Cfl (OAc) (CHg)), 6.19-7.77 {7H, m, aromatic 
and = CH 2 protons). Mass spectral analysis showed peak at m/z 
at 259. Appearance of two singlets at 6 1.9 and 1.94 is due to 
the presence of four possible diastereomers . It is however 
difficult to predict the ratios of these diastereomers on the 
basis of the analysis of low resolution (60 MHz) NMR spectrum, 
although the two peaks are of unequal intensity. In order to 
improve the yield of the cyclised product 43 the reaction was 
also carried out in aqueous THF as reported by Brown and 
Geoghegan^®. However this did not improve the yield of the 



NaBH 4 , 2NNaOH 
CH 2 CI 2 , 0~5°C 



42c 


Figure 13 




cyclised product. It is possible that use of NaCOMelgBH^^ in 
place of NaBH^ mi^ht be more useful to obtain hiffh yield of the 
cyclised product. We have, however, not carried out this 
reaction in the present study, 

Methoxymercuratlon of 41 followed by reduction with NaBH. 

4 

was also carried out in order to find out the effect of -OMe 

group versus -O-CO-CH^ group towards the product distribution. 

Thus reaction of 41 with mercuric acetate in methanol was carried 

out in an analogous manner as acetoxjTsercuration. Reduction of 

the crude product with NaBH^ under basic condition was then 

performed. However, this reaction yielded mainly the eliminated 

product viz. 41 in 71% yield and the reduced product 4S in 17% 

yield. This compound 46 had comparable NMR data with that of 

44. Thus peaks at i 0.95 - 1.2 (3H, d, -CHCHg, J = 7 Hz), 

3. 2-3. 6 (IH, m, -CH(OCH 3 )), 3.3 (3H, s, -OCfig), 3.4 (2H, d, - 

OCEg, J = 5 Hz), 4.1 (IH, s, -CSPli), 6.95-7.7 {7H, m, aromatic 

and = CHg protons) were observed. In its mass spectrum peak 

19 

at m/z 231 was found. In this case also ligand exchange from 
HgOAc to HgCl with NaCl followed by reduction with NaBH^ was 
attempted. However there was no difference in the product- 
distribution. 

For exploring another approach we considered the possibility 

of forming the bromohydrin 47 which could subsequently be reacted 

20 

with n-bugSnH/AIBN to effect radical cyclisation . The 
formation of bromohydrin (86% yield) was easily carried out by 
reacting 41 with N-bromosuccinimide (NBS) in DMSO-HgO^^. The ^H 
NMR spectrum of 47 showed peaks at ^3.2 (IH, s, -QB), 3,47 (2H, 
d, -CHgBr, J = 8 Hz), 3.57 {2H, d,-0Cfi2' ^ ® H^), 3.58-4.1 (IH, 



0CH3(c) 



peotiruM (60 MHa) of 46 


», -CflOH), 4.2 (IH, s, -CHPh), 6.93-7.8 (7H, m, vinylic and 
aromatic protons). Its IR spectrum showed peaks at 2210 { 

3440 ( 9_q_jj) cm”^. Treatment of 47 with nbUjSnH^^/AIBN in 
refluxing benzene gave a mixture of compounds whose acetylation 
with acetic anhydride, triethylamine, IWAP followed by 
purification by column chromatography gave 43 and 44 in 22% and 
32% yield respectively. Spectral data of these compounds were 
identical to the ones obtained via acetoxymercuration procedure. 
For comparison purpose and also to find the difference in the 
yields of the products 43 and 44 acetylation of 47 followed by 
radical cyclisation was attempted. Acetylation of bromohydrin 
was easily carried out using standard acetylation procedure and 
the bromo acetate 49 was characterised spectroscopically (cf . : 
III. 3. 10). Radical cyclisation was found to have marginal effect 
on the product distribution. Thus, compounds 43 and 44 were 
obtained in 28% and 30% yield respectively. Since the reduction 
of the halide was competing with the cyclisation we considered 
the possibility of using iodohydrins and iodoacetates to compare 
the differences if any. The iodohydrin 48 was prepared fi’om 41 
by reacting it with N-iodosuccinimide (NIS), DMSO - HgO water 
under similar condition as the one followed for bromohydrin 47 
preparation. The corresponding acetate was also prepared using 
standard acetylation procedure and both these ccmipounds were 
characterised spectroscopically. The reaction of the iodohydrin 
48 with n-bUgSnH/AIBN followed by acetylation of the crude 
product gave 22% of the cyclised product 43 and 29% of the 
reduced one 44 . On the other hand , the iodoacetate 60 under 
similar conditions gave 24% of the cyclised product and 48% of 




speotrua (60 MHa) of 



The above model study towards the synthesis of soapatanol 
suggests that the route adopted is a quick entry into such 
oxepane systems- Appropriate functionalities at 2’, 3’ and 6’ 
positions which would allow the initial Baylis Hillmann reaction, 
halohydrin formation followed by intramolecular radical 
cyclisation will give the desired zoapatanol 1. One such 
possibility is shown in Fig. 15. This requires Baylis -Hillmann 
reaction on nitroethylene 51 with methyl pyruvate followed by the 
above described strategy. This nitro group is expected to yield 
the carbonyl group after the ,Nef reaction and thus it could be 
converted into alcohol. 



211 



III. 3 Sxperlaental Bectlon 


The detila of the Inatruittenta uaed are the aame aa deacribed 
in the aection 1.3. Acrylonitrile, triethylamine were diatilled 
freahly before uae. DABCO waa purified by aublimation. 

III. 3.1 Freparatl<m of 2-(l-lurdroxy bemsyD'-aciyloiiitrilo: (40) 

A mixture of benzaldehyde (1.02 ml, 10 mmol), acrylonitrile 
(0.99 ml, 15 mmol) and DABCO (0.16 8 ff,1.5 mniol) waa stirred at 
room temperature for 40 hours. After that the reaction mixture 
was taken up in ether (15 ml x 2) and washed with 2N hydrochloric 
acid (5 ml), aqueous sodium bicarbonate solution (5 ml), water (5 
ml) and finally dried over anhydrous sodium sulphate. Solvent 
was removed and the residue was diatilled to afford 1.13 g of 2- 
( 1-hydroxy benzyl)- acrylonitrile 40. 


Ph 



Yield 71% 

b.p. 140'^C/2 mm (Lit^^ 125/2mffi) 

IR spectrum (neat) 3460 , 2240 (-0H,-C = N) cm ^ 

NMR spectrum (CC1_^): &7.2 (5H, br. a, aromatic proton) , 
5.8 {2H, d, = 0 ^ 2 ). 5.0 (IH, s, >CaOH), 3.4 (IH, br. s, 
>CHQB) 



III. 3.2: Preparation of dlallrl ether: Cll) 


To a stirred suspension of sodium hydride {50St dispersion in 
mineral oil, 150 mg, 3 mmol) in (2 ml) dry tetrahydrofuran (THF) 
was added 2- { 1 -hydroxy benzyl) acrylonitrile {318 mg, 2 mmol) at 
0*^0 and stirring was continued for half an hour. To this allyl 
bromide {363 mg, 3 mmol) in THF(0.6 ml) was added slowly at O^C 
and it was allowed to stir for 6 more hours. After the 
completion of the reaction {checked by TLC) the reaction mixture 
was taken up in ether {15 ml) and washed with 2N hydrochloric 
acid (5 ml), aqueous sodium bicarbonate solution (5 ml), water {5 
ml) and subsequently brine. It was dried over anydrous sodium 
sulphate and after filtration the solvent was removed and the 
residue purified using column chromatography to afford 241 mg of 
the diallyl ether 41 {Eluent : ethyl acetate: petroleum ether 60- 
80^C = 7:93). 



Yield 61% 

A thick colourless oil 

IR spectrum {neat) 2210 {s) (-C 5 N) cm ^ 

NMR spectrum {CCl^): S 7.85-6.97 {7H, m, aromatic protons and 
Ca 2 =C-CN), 6 . 2 - 5.5 {IH, m, aC=CH 2 ), 5.45-5.0 {2H, m,a 2 C = CH-) 
4. 2-3. 9 (3H, m, >aC- 0 -CB 2 -) 

Mass spectrum {m/z) 199 {M^); 158 {M - C^Hg); 142 {M -CgH^O), 



Anal. Calcd. for: •• C, 78,39; H, 6.53; 

Found : C, 78.21; H, 6.6% 

111. 3. 3 Aoetoxjr ■erouratlon of 41 

In a round bottom flask mercuric acetate (214 mg, 0.67 mmol) 
was taken in acetic acid (1.5 ml) at lO^C and compound 41 was 
added to this mixture slowly with stirring. After 45 min, the 
left over acetic acid was removed under reduced pressure to 
obtain 42A in 90% yield which was used further without 
purification. 

111. 3.4 Denercoratlon of 42A 

Compound 42A obtained in step 111.3,4 was taken in 3 ml of 
dichloromethane. Sodium borohydride (0, 056 g, 1.5 mmol) in 2 N 
NaOH solution (1 ml) was slowly added into the rection mixture 
with cooling by an ice bath. After the completion of addition the 
reaction was allowed to stir for eight hours. The reaction 
mixture was filtered through celite to remove mercury. The 
filtrate was worked up with ether and washed with water, brine 
and dried over anhydrous sodium sulphate. After removal of ether 
in the rotary evaporator the crude product so obtained was 
purified by column chromatography (eluents: petroleum ether BO- 
BO/ ethyl acetate =95:5). Compound 43. 44, 41 were obtained in 
9%, 15% and 68% yield respectively. 



Coaipound (43) 

A yellow coloured liquid 

N 

IR spectrum (neat) 2218, 1740 ( -CsN , -O-CO-CH, ) 

NMR spectrum (CCl^): S7.16 (5H, br. s, aromatic protons), 
4.33-3,26 {4H, m, -CflOAc, -OCHPh, -0-Cfi2'' with a doublet 
centering at £>4.2, J = 7 Hz), 3.23-2.66 (IH, m, -CBCN), 
2,1-1.93 {3H, s, -OCO-CH^ ) , 1. 8-0.8 (4H, m, 2 methylenes) 

Mass spectrum (m/z): 259 (M^) 

Compound (44) 

A colourless liquid 

N 

OAc 

IR spectrum (neat) • 2208, 1730 (-C = N,-0C0-CH, ) cm~^ 

NMR spectrum (CCl^): S 7.77-6,19 (7H, m, aromatic protons 
and = CE2)» 4.93 (IH, sextet, -CEOAc), 

4.13 (IH, s, -0-CE-Ph), 3.47 (2H, d, -OCEg. J = 6 Hz), 

1.94, 1.9 (3H, 2s, -O-COCB3), 1.23 (3H. d, -CH-CB3, 

J = 6 Hz) 

Mass spectrum (m/z): 259 (M^) 

III. 3.5 Methoxy mercuration of (41) 

Mercuric acetate (1 mmol) was dissolved in (1-1) mixture 
(2 ml) of methanol and dry THF. The reaction flask was cooled by 





ice water bath and compound 41 (1 mmol) added to it dropwiee 
with stirrinff. After the addition was completed it was allowed 
to stir for 45 minutes. The left over methanol and THF were 
removed under reduced pressure. Compound 42B so obtained was 
used in the next step without purification. 

III. 3. 6 DeiKrciuratioii of 42B 

Compound 42B obtained in step III. 3. 5 was dissolved in a 
mixture of dichloromethane and methanol (0.5 ml). Sodium 
borohydride (1,5 mmol) was dissolved in 2 N NaOH solution (1ml) 
which was added dropwise to the reaction mixture at 0®C. After 
the addition was completed the reaction mixture was allowed to 
stir for 12 hrs. The reaction mixture was filtered to remove 
mercury and the filtrate was worked up with ether (2 x 15 ml) 
followed by water (5 ml) and brine (5 ml) respectively. The 
organic layer was dried over anhydrous sodium sulfate and the 
ether removed in the rotary evaporator. The crude product so 
obtained was purified by column chromatograpliy. (eluent, pet 
ether (60-80^0 /ethyl acetate=94: 6) . Compound 41 and 46 were 
obtained in 71% and 17% yield respectively. The cyclised product 
could not be isolated as it was always contaminated with the 
reduced product 46 due to very close Rf values. But the 
spectral analysis of the crude reaction mixture clearly showed 
that the cyclised product 46 had formed in less than 7% yield. 



Coapound(46) 

A colourless oil 


Ph 



IR spectrum (neat) 2210 (-C = N) cm'^ 

NMR spectrum (CCl^): S 7.7-6.95 (7H, m, aromatic and xCHg 
protons), 4.1 (IH, s, -CHPh), 3.4 (2H, d, J = 6 H 2 ), 

3.3 {3H, s, -OCJJ 3 ). 3. 6-3. 2 (IH. m. -iJC-OCHg), 

1.2-0.95 {3H, d, -CHCflg, J = 7 Hz) 

Mass spectrum (m/z): 231 (M^) 

Anal. Calcd. for C, 72.72; H, 7.35% 

Found: C. 73.2; H, 8.05% 


III. 3. 7 Liffand SxchAiiffe^^ and Deaercoration of 4ZB 

Compound 42B was added to a mixture of water (1 ml) and 
saturated NaCl solution (0.5 ml) with stirring. After 20 minutes 
of stirring a sticky pale yellow precipitate was separated out 
which was allowed to settle down. The supernatant water was 
slowly decanted and IN NaOH (1 ml) and cosolvent EWF (2,5 ml) 
were added to the precipitate. This mixture was cooled in im 
ice bath and NaBH^ (0.056 g, 1,5 mmol), dissolved in IN NaOH was 
added dropwise to it. After 6hrs., a colourless solution was 
observed with the separation of mercury metal. Fitration of 
mercury followed by workup (cf: III. 3. 6 ) gave compound 41 and 46 
in 59% and 22% yield respectively. 



III. 3. 8 Preparation of br«aol»jrdrin^^ s C47^ 

Diallyl ether 41 (200 mg, 1 uanol) was taken in 1.5 jbI DMSO 
and 0.075 ml (4 mmol) of water and the reaction mixture was cooled 
with ice water mixture to 10 ^C. Freshly recrystallised, N- 
bromosuccinifflide (223 mg, 1.25 mmol) was added to it in portion 
and the reaction mixture thoroughly stirred at lO^C. After 1 hr 
the reaction mixture was woi’ked up by adding 1 ml satd NaHCOg 
solution followed by extraction with ether (3 x 10 ml) and 
washing with water (5 ml) and brine (5 ml) respectively. The 
organic layer was dried over anhydrous NagSO^ and the evaporation 
of the solvent gave the crude product which was purified by 
column chromatography (eluent: (60-80^0 pet ether: ethyl 

acetate, 92:8) to obtain 250 mg (85%) of pure 47 , 

Ckxipound (47^ 

A yellow coloured oil 

N 

E 

IR spectrum (neat) 3440 (Br), 2210 (s) (-0H, -C = N) cm ^ 

NMR spectrum (CCl^): S 7.8-6.93 (7H, m, aromatic protons 
and = Cfig). 4.2 (IH, s, -CHRh), 4.1-3.58 (IH, m, -CflOH), 

3.57 (2H, d, -OCSg/ J = 8 Hz), 3.47 (2H, d, -CEg Br,J=8 Hz), 
3.2 (IH, s, -Ofl) 

Mass spectrum (m/z): 296 (M^) 


Ph 


U' 


^OH 



111.3.9 Syntbesifl of iodolijrdrla: (48) 


lodohydrin 48 was synthesised following the same method as 
described for the synthesis of compound 47 (Bee. III. 3. 8) except 
that instead of NBS, N-iodosuccinimide (NIB) (281 mg, 1.26 mmol) 
was used. The crude lodohydrin was purified by column 
chromatography (eluent: Pet ether (60 -80^0 /ethyl acetate: 93/7) 
to obtain pure 46. 

Compound (46) 

Yield- 80% 

N 


A yellow coloured oil 

IR spectrum (neat) 3460, 2210 (-0H, -C = N) 

jn&x 

NMR spectrum (CCl^): & 7.82-7.21 (7H, m, vinylic and aromatic 

protons), 4.53 (IH, a, -CfiPh), 4.3-4 (IH, m, -CHOH), 

3.83 (2H, d, -OCHg. J = 6 Hz), 3.51 (2H, d, -CSgl. ^ = 4 Hz) 
3 (IH. s, -CflOH) 

Mass spectrum (m/z): 343 (M^) 

111.3.10 Acetylation of broaiohydrin 

The bromohydrin 47 (2 mmol) was acetylated by following the 
usual procedure as described in the Bee. 1.12. Purification by 
column chromatography (eluent: pet ether (60-80^C/ ethyl acetate: 
95/5) gave pure 49. 




CoBPound (49) 


Yield 96% 



A yellow coloured liquid 

IR spectrum {neat) 0 : 2205. 1730 {-C = N, -O-CO-CHo) cm"^ 

NMR spectrum (CCl^): S 7.9-7 . 1 (7H, m, = CHg and aromatic 
protons), 5. 2-4. 8 (IH, m, >CaOAc), 4.4-4.06 (2H, m, s of flC- 
Pli and d of -O-Ca^-H^) , 3.7 (IH, d, -O-CH^E^, J = 5 Hz), 

3. 6-3. 4 (2H. m. -CHg-Br), 2.0 (3H, s, - 0 -C 0 -Ca 3 ) 

Mass spectrum (m/z): 338 (M^) 


III. 3. 11 Acetylation of lodobydrin 


lodohydrin 48 (2 mmol) was acetylated following the same 
procedure as given in Sec. 1.12. Purification by column 
chromatography (eluent: pet ether (60-80^0/ ethyl acetate: 95/5) 
gave 50. 


Compound (50) 


Yield 80% 



A yellow coloured liquid 

IR spectrum (neat) = 2210 , 1730 {-C 5 N, -COCHq) cm 



NMR spectruiM (CCl^): S 7.66-6.97 {7H, m, aromatic and = ^^^2^ ’ 
4.76-4.45 (IH, », >CflOAc), 4.27-4 {2H, m, -CHPh and d of 
-0-Ca^H^) . 3.65(1H, m,-0-CH^a^), 3.3 (2H, d, -Cagl^ J=7H2), 
2.06 (3H. s, -O-CO-Cag) 

Mass spectrum (m/z): 386 (M^) 

III. 3. 12 TBTB iadaced radical cycllaatlons of broaohrdrlii. 

A mixture of bromohydrin 47 {115 mfi, 0,388 mmol) was taken 
in 7 ml of benzene and freshly distilled TBTH (225 mg, 0.776 
mmol) and AIBN(0.02g, 0,12 mmol) were added to it under argon 
atmosphere. The reaction mixture was refluxed for 12 hrs and at 
the end of this period benzene was removed under reduced 
pressure. The crude product was washed with cold petroleum ether 
to remove the unwanted organotin compound and the residue was 
acetylated by treating it with a mixture of triethylamine (0.15 
ml, 1.08 mmol), acetic anhydride (0.07 ml, 0.74 mmol) and 
catalytic amount of DMAP in dichloromethane (5 ml). The reaction 
mixture was allowed to stir at 30*^0 for 20 hrs and then was 
worked up by following the same procedure as described in sec. 
1,12. The crude acetate was purified by column chromatography 
(eluent: pet-ether (60-80'^C)/ ethyl acetate, 92:8) to obtain 
compound 43 and 44 were in 22% and 32% yield respectively. 

III. 3.13 TBTB induced radical cyclisations of iodoliydrin 46 
Procedure: 

Following the previous procedure iodohydrin 48 (0.343g,l 

mmol) was refluxed with TBTH (0.680g, 2 mmol), and AIBN (0.05g, 



0.30 mmol) under arffon atmosphei’® benzene. The reaction 
mixture was worked up by following same method as adopted in 
the case of bromohydrln. The crude reaction mixture was 
acetylated and products obtain®^ thereby purified by column 
chromatography (eluent: pet ether <€0-80'^C)/ ethyl acetate, 94:6) 
to obtain compounds 43 and 44 in 22% and 29% yield respectively. 

III. 3.14 TBTH induced radical cyclisation of broaoacctate 48 
Procedure : 

Bromoacetate 49 (0.338g, Immol) was taken with freshly 
distilled TBTH {0.58ff, 2 mmol) and AIBN (0.034g,0.21 mmol) in 8 
ml of benzene under argon atmosphere, The reaction mixture was 
refluxed for 10 hr. Benzene was removed under reduced pressure 
and the crude product was washed with cold pet ether (60-80*^0 to 
remove unwanted organotin compound. The residue was then 
purified by column chromatography (eluent: ethyl acetate and 
petroleum ether 60-80'^C, 7; 93) to obtain 43 and 44. in 28% and 
30% yield respectively. 

III. 3.15 TBTH induced radical cyolisation of iodoacetate 50 
Procedure: 

Following the above procedure {0.385g,l mmol) iodoacetate 
was used for TBTH induced radical cyclisation. After column 
chromatography purification products 43 and 44 were obtained in 
24% and 48% yield respectively. 



SefereBO«8 


1. S.D. Levine, E.E. Adams, R. Chen, M.L. Cotter, A.F. Hirsch, 

V.V. Kane, R.M, Kanojia, C. Shaw, M.P. Wachter, E. Chin, R. 
Huettemann, P, Ostrowski, J. Am. Chem. Soc. , 101 , 3404 

(1979). 

2. D.M. Walba, G.S. Stoudt, J. Org. Chem., 48 , 5406 (1983). 

3. R.M. Kanojia, M.P. Wachter, S.D. Levine, R.E. Adams, R. 

Chen, E. Chin, M.L. Cotter, A.F. Hirsch, R. Huettemann, V.V. 
Kane, P. Ostrowski and C.J. Shaw, J. Org. Chem. 47 , 1310 

(1982). 

4. R. Chen, and D.A. Rowand, J. Am. Chem. Soc., 102 , 6609 

(1980). 

5. K.C. Nicolaou, D.A. Claremon, W.E. Barnette, J. Am. Chem. 
Soc. 102, 6611 (1980). 

6. V. V. Kane, and D.L. Doyle, Tetrahedron Lett., 22 , 3027 

(1981). 

7. (a) R.C. Cookson and N.J. Liverton, J. Cliem. Soc. Perkin Trans. 

1, 1985 (1589). 

(b) M.Kobayashi, L.F.Valente and E.Negishi, Synthesis, 1980 , 
1034. 

8. P. Kocienski, C. Love and R. Whitby, Tetrahedron Lett, 29 , 
2867 (1988). 

9. E. Wenkert, V.F. Ferreira, E.L. Michel otti and M. Tingoli, 
J. Org. Chem., 50 , 719 (1985). 

10. M. J. Davies, J.C. Heslin and C.J. Moody, J. Chem. Soc. 
Perkin Trans 1, 1989 , 2473. 

11. J.E. Baldwin, J. C.S. Cliem, Commun. 1978 , 734. 



12. S.E. Drewes and Q.H.P. Roos, Tetrahedron, 44 , 4653 (1988). 

13. D. Basavaiah and V.V.L. Gowriswari, Bjmthetic Communication 
17 , 587 (1987). 

14. (i) R.C. Larock Angew Wadnte Chemi Int, Ed. Engl. 17, 

27 (1978). 

(ii) E.I. Negishi "Organometallics in Org. Synthesis", Willey: 

Nu York, 1980; 455. 

15. (i) B. Giese and K. Heuck Chem. Ber. 112, 3759 (1979). 

(ii) B. Giese and K. Heuck Tetrahedron Lett. 21, 1829 (1980). 

(iii) B. Giese and K. Heuck, Chem. Ber, 114 , 1572 (1981). 

(iv) B. Giese, H. Horler and W. Zwick, Tetrahedron Lett. 
1982, 931. 

16. S, Danishefski, S. Chackalaraannil and B-J Dang, J. Org, 
Chem., 47 , 2231 (1982). 

17. J. Barluenga, J.L. Prado, P.J. Campos and G. Asensio, 
Tetrahedron, 39 , 2863 (1983). 

18. H.C. Brown and P.J. Geoghegan, Jr., J. Org. Chem., 35, 1844 

(1970). 

19. R.A. Kretchmer and P.J. Daly, J. Org. Chem. 41 , 192 (1976). 

20. M. Ramaiah, Tetrahedron, 43 , 3541 (1987), 

21. D.R. Dalton, VP. Dutta and D.C. Jones, J. Am. Chem. Soc. , 
90 , 5498 (1968). 

22. H.G. Kuivila and O.F. Beiunel, Jr., J. Am. Chem. Soc., 83, 
1246 (1961). 

23. Vogel’s Textbook of Practical Organic Chemistry; Fourth 
edition (Longman group limited, London) Pg 389. 



